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The propagation of a simple acoustic transient in an isovelocity
water layer was investigated for the. purpose of studying the region
of validity of a suggested correlation between exact solutions in
ducts and solutions for propagation in a layer. The Laplace trans-
form method was used to obtain approximate solutions for the acoustic
pressure, particle velocity, and particle displacement resulting
from a step- function input in velocity. The radiation impedance
characteristics of a Mylar transducer were investigated to study
their effect on the received waveforms. Computer programs were
written to evaluate and graph the resulting waveforms. The wave-
forms resulting from a step- function input in velocity were observed
and compared with the predicted waveforms. With the use of a family
of Mylar transducers, a somewhat doubtful correlation was obtained
in the region of validity of the theoretical solutions. Possible
causes of the disagreement between the theory and the experiment
were investigated. It was found that the theory is believed to be
correct, that the experiment was not accurate enough, and that
further investigations should be conducted to study the assumed
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Although most of the current investigations of the propagation
• a • (H-13)
of energy in waveguides have been done for electromagnetic cases
some have considered the propagation of pulsed acoustic energy in
waveguides . The dispersion of an ultrasonic pulse propagated
through a waveguide of circular cross-section filled with water
has been used for the approximate determination of the frequency
spectrum of the original pulse . J. M. Proud et al . have shown
that the dispersion of a rectangular pulse along an acoustic wave-
guide of rectangular cross-section can be used to calibrate the wave-
guide, so that it can be used to predict the effects of similar-
dispersion on the transmission of pulses of other shapes that are
not amenable to actual computation. It has been shown, by considering
pulse compression in an acoustic waveguide, that a frequency modulated
input pulse can be compressed into an output pulse of shorter duration
(3)
and of higher peak amplitude . In addition, studies of transient
( (\ 7 "^
propagation in layered media have been made ' . Many of these
studies have used approximation techniques, such as the method of
stationary phase, to solve the transient propagation problem. J. R.
(8)
Wait has presented a summary of these techniques useful for cal-
culating the resultant propagated waveform. Using the Laplace trans-
(5 9 10)form technique, others ' have investigated transient radiation
and scattering from cylindrical bodies.
Recently, exact solutions for the propagation of simple transients
in waveguides have been published ' .It has been suggested
that there is a correlation within a certain region of validity between
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exact solutions in ducts and solutions for the propagation of
. . , . , (5,14)
acoustic transients in isovelocity layers
The purpose of this research is to extend investigation of
the region of validity of the suggested correlation and of the
restrictions under which the solutions describing the transient




The response of an isovelocity layer to simple transient
excitations will be developed using the following assumptions:
(a) cylindrical velocity-source of radius a,
(b) constant layer depth d, and
(c) pressure-release upper and lower boundaries.
The wave equation for acoustic velocity-potential in cylindrical
coordinates, under the assumption of radially- symmetric motion, is
2.1
where r is the radial direction and z is the transverse direction.
The convenient separation of variables
2.2
casts Eq. 2.1 into
where the radial component of the particle velocity becomes
and the acoustic pressure becomes





and z = d; therefore, Z(z) = D sin where w = —— . Thus,
c n d
the equation for Z(z), which gives the dependence of the acoustic
variables on the layer depth, determines the eigenfrequencies w .
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These are the cut-off frequencies of the various radially-symmetric
normal modes of the layer.
Use of the Laplace transform method to solve Eq. 2.2 with
the boundary condition at the source written as
u r U,t|= lU)ML^ j
which implies excitation of only one mode, casts Eq. 2.2 into
the simpler differential equation
f l l ii / 10*1 +A*-\1 -2 / v rs
2.3
where^(r,s) is the Laplace transform of0(r,t). V(t) Z(z) is




$ -*>0 o-s r -*•©© .
r ri 2>
The change of variable u =- J w + s casts Eq. 2.3 into the
form
au l ' U c*" - 2.4
which has solution
<Z>-- AloM+ BKoM
where I and K are the modified Bessel functions. Since I (u)^OO00 o
and K (u)—^0 as u-vo©, the solution to Eq. 2.4 which obeys the
required boundary conditions is
where
C(6.V-V(0-j===r MlfTw7 ) .
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Under the Laplace transform, the acoustic pressure, radial component
of particle velocity, and radial component of particle displacement
become
-V(^ Ko(£J^ + um£)
)




where the contour is indented into the right half-plane around the
singularities on the imaginary axis. Exact solutions to Eq. 2.5
do not appear to be known, but certain approximations may be used
to obtain approximate solutions for the leading portions of the
propagating transient.
For large values of argument, use of standard approximations
for the modified Bessel functions results in the following asymptotic
form
- la e ; i +• Aw* (£5 J
*• 2.6
(15)
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lift " TTfc a. a<3 ^ /w •
The symbol T represents the time of flight over the shortest
path between the surface of the source and the field point. The
restriction on s necessary to satisfy the approximation which led
to Eq. 2.6 is




UOOu - U)rs y 1+ \ O-uJa )
is clearly a function of the source-radius and the cut-off frequency
for the mode of interest. For a waveguide with pressure-release
w a
boundaries which is excited in the lowest mode, the quantity
has the value ~r which demonstrates the importance of the ratio
of source-radius to layer-depth. As a result of the approximation
which led to Eq. 2.6, Eq . 2.5 can be broken into two parts:
A..^ [£&?!•**>
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Each portion contributes significantly to u only when the exponent
r
of each is stationary. For large s (which corresponds to the
leading portion of the signal), only the first integral is important




(a-T(j)-.O^ - i ======5 •
Thus, the requirement that | ho/ i \ ~ U3as.se ts an upper limit
t* -- T liTtW
on the time within which the first integral yields the major contribution,
For a step input, for which V(s) = — , the radial component of the
particle displacement becomes






P2 3where arg = w J t - T .
For a step input, the solution for the acoustic pressure becomes
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The quantity t' = t - T appearing in Eqs. 2.7 and 2.8 represents
the time which has elapsed since the propagating transient signal
traveling with velocity c first arrived at the position r. This
quantity will be denoted as the "delayed time".
For the leading portion of the propagating transient, one
can apply a standard trigonometric asymptotic approximation
to the functions in Eqs. 2.7 and 2.8. Application of this approx-
imation to the sums of Eqs. 2.7 and 2.8 leads to expressions of
the types *
__- «- imH / IT - Iff \ f^ « rJ E firH
Application of Eqs. 2.9 and 2.10 to the solution for particle
displacement casts it in the form
«»fa»-if- IJ,A»(£y,„an»-5- I0^ '"
aw
where 2TTN = y and N = %w T —
-
J a n c
The quantity N is the number of cycles of the transient generated
in time t, and N corresponds to the cycle where the approximations
Cm
(and thus the theory) fail to apply.
By combining the sine and cosine terms of Eq. 2.11, we find






^ [ 1 " fo\(&.Y] * t [An^]
1
and
tan ^ - N °~ — /
1- BnfNAlftV
Application of Eqs . 2,9 and 2.10 to the solution for acoustic
pressure casts it in the form
?(l) K W IN "^^^" 1 ' v ^ 2.13







. , . , Ci •
t, • ,(5,14)Previous work has shown that for the same input as above
the exact solution for propagation of a transient in a duct becomes
the leading term in the solution developed for the isovelocity layer
It should be noted that these, duct terms can be retrieved from the
trigonometric approximations by letting the amplitude factors go
to unity and the phase angles go to zero.
The solutions, using Bessel functions or asymptotic approxi-
mations to the Bessel functions, for the transient response of an
isovelocity layer have been developed with the restriction
T *. t> ±*~ or M/NU ± i.
Computer programs have been written to evaluate the predicted
waveforms for acoustic pressure and particle displacement, using
either the Bessel function or trigonometric approximations (see
Appendices A and B, respectively). These programs give printed
and graphical outputs for the duct and layer terms. In addition,
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these programs predict the axis-crossings and amplitude-modulation
in the layer. Figures 2.1 and 2.2 illustrate the acoustic pressure
and particle displacement, respectively, predicted by the two approxi-
mations. Tables 2.1 and 2.2 give the calculated values of the predicted
axis-crossings and amplitude-modulation for acoustic pressure and
particle displacement. It should be noted that the first portion
of the first half - cycle of the waveform predicted by the trig
computer program is not accurate. To avoid a mathematical ambiguity
at the leading portion of the waveform, its value has been set equal
to zero. For comparison purposes, the predicted amplitude peaks
were normalized to the value of the highest peak in the waveform.
As can be seen from a study of Tables 2.1 and 2.2, the difference
between the two predictions is on the order of one per cent which
is smaller than the experimental accuracy encountered. Therefore,
the predictions from the computer program using trigonometric
approximations will be used for all comparisons with experimental
data.
The approximate solutions for the propagation of a transient
in an isovelocity layer have been developed, and computer programs
to evaluate these solutions and predict the axis-crossings and
amplitude-modulation in the layer have been written.
Transfer Characteristics of Mylar Transducers
To have some measure of confidence in the received waveform,
it was decided to investigate the transfer characteristics, under
steady- state conditions, for Mylar transducers. This investigation
will cover the radiation impedance at the surface of the transmitter,








Computed using trigonometric approximations to
Bessel functions
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Comparison of computed axis-crossings and amplitudes of maxima for
acoustic pressure using Bessel functions and trigonometric approxi-
mations to Bessel functions for the conditions r = 91.4 cm, a = 4.00 cm,













Computed using trigonometric approximations to
Bessel functions
Radial Component of the Particle Displacement E^ vs. Delayed Time t 1
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Comparison of computed axis-crossings and amplitudes of maxima
for the acoustic particle displacement using Bessel functions and
trigonometric approximations to Bessel functions for the conditions
r = 91.8 cm, a = 6.00 cm, and d * 8.00 cm.
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In a steady-state condition, the acoustic potential for a
cylindrical source in a waveguide can be expressed as
<t>r --Kl)Z(r)z iMt. 2.14
The time independent wave equation becomes
a'0r I diss*- ,, z .
The separation of variables suggested in Eq. 2.14 leads to the
w
value of the separation constant, k = — , where the phase velocity
C
P
c is defined as
P
C
C ft - rr—77—vT *t {TWf 2.15
Thus, the wave equation for the radial component of the acoustic
potential becomes
with the general solution
Rlr)-- A^^rf'liB.Yo^^. 2.i6
For an outward traveling wave, Eq. 2.16 becomes
2.17RM'A^^^-'^^^V^
The acoustic potential, acoustic pressure, and the radial component
of the particle velocity become
*^ , u^y u/r\ tot




Using Eq. 2.15, the specific acoustic impedance Z_ becomes
Hi (<xva;
2.18
where arg = «
J ^ (J*ff .
Then, the radiation impedance Z is given by
Ir-ht ~ i'pc f A H °
tt\^\ .
where A is the total radiation area of the transducer. Thus, the
radiation impedance at the surface of the transducer, r = a, is
given by
The behavior of Eq. 2.19 as a function of frequency will be
investigated. An estimate of the maximum frequency encountered
in a shallow-water layer can be derived by recalling that the
highest frequencies in the transient occur in the first half-cycle.
The following relation concerning the time for the maximum frequency
can be derived:
mJlU-T 1, -ZT1M-7T or
The relation for the instantaneous frequency
U) -
can then be manipulated into the desired result
1 tC^)1, •
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For r-a = 100 cm and d = 8 cm,
w = 650 khz.
max





Thus, the range of frequencies expected to be encountered are
w £, w * w . The expected frequency must always be greater than
n niaX
the lower limit, for the assumption of a steady state condition no
longer holds at w = w .
Since the Hankel functions are complex numbers, they can be
expressed as a modulus and a phase angle. Thus, Eq . 2.19 can be
rewritten as
where Mod is the modulus and 9 is the phase angle. Figure 2.3
shows the dependence of the phase angle and modulus on the argument
of the Hankel functions. For small values of the arguments, the
radiation impedance is strongly dependent on the frequency. How-
ever, when the value of the argument is about II which corresponds
to a frequency within 0.5 per cent of the cut-off frequency, the
radiation impedance can be approximated by Ape . Thus, for the




The open-circuit mechanical impedance of a Mylar transducer
is given by Z = r + i(wm - s/w) where r is the transducer mechanical
° J m
resistance and s is the transducer mechanical stiffness. For the
frequency range of interest, the mechanical resistance is considered






























































the assumption that the mechanical stiffness is given by
s = P A/jj) where P is the atmospheric pressure and J( is the
effective depth of the air cushion behind the Mylar diaphragm, the
equation for Z can be rewritten as
m _.
where t is the thickness of the Mylar. With the nominal values
r^mylar
3
= 1.395 gm/cm ,
-3
t = 2.54 x 10 cm,
P = 1.013 x 10
6 dyne/cm , and
o
-3
J(= 2,00 x 10 cm,
the values of Z for the frequency range of interest can be
calculated. Figure 2.4 shows the dependence of the magnitude of
Z
m .
— vs . frequency
.






where C is the blocked diaphragm electrical capacitance, v is
the signal voltage across the transducer, is the turns ratio,
and R is the internal resistance of the power amplifier. The
turns ratio is defined as
_
CoVo0--
where V is the external polarizing voltage and x is the position
of the Mylar film when the polarizing voltage is applied. A
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is proportional to the particle displacement. These conclusions
only hold for the leading portions of the received transient where
Z can be replaced by APc,
The effect of the transfer characteristics of Mylar transducers
has been found to be dependent on the frequency and the radius of
the transducer. Given a transient signal which is the mirror of
the input voltage, the following is a summary of the effects thf.t
would be observed as a result of the radiation impedance:
(a) since the radii of the family of transmitters were large,
the response is essentially flat throughout the region of interest;
thus, no effects should be observed.
(b) because of the small radius of the receiver, the effect
becomes more pronounced than for the transmitters. One should
observe a reduction in the size of the peaks of the leading portion
of the transient and should observe an enhancement of the peaks as
the local apparent frequency approaches the cut-off frequency. A
similar phase angle effect should be observed.
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3. EXPERIMENTAL APPARATUS
The experimental apparatus in this research project consisted
of a tank, a family of cylindrical Mylar transducers, a barium
titanate array receiver, and the associated electronics equipment.
The laboratory setup is shown in Fig. 3.1.
Tank
The water layer was contained in a tank constructed of 5/8
inch marine plywood. The dimensions of the tank were 6 ft x 6 ft x
1 ft. The plywood was covered with Varathene to provide water-
proofing and lined with 1/4 inch polyethylene foam which was assumed
to provide the desired pressure-release bottom boundary of the
layer. The polyethylene, not being waterproof, was coated with
liquid Neoprene paint to prevent deterioration of the pressure-
release surface. The bottom of the water layer was maintained
level by means of adjustable feet installed in the legs of the
supporting platform. Since the walls of the tank were also lined
with polyethylene, the tank could be excited as a pressure-release
cavity, which provided one method of determining the depth of the
layer.
Transducers
Previous work ' had indicated that Mylar dielectric
transducers were well-suited for use in layers.
A family of eight Mylar transducers and one barium titanate
linear array were constructed for use in this investigation. The
radii of the Mylar transducers were 10 cm, 6 cm, 4 cm, 2 cm, 1 cm,
0.5 cm, and two at 0.25 cm. Each had an active radiating face
37
8 cm in height which was the maximum depth of the layer. These
various transducer dimensions were chosen to provide a large range
of values for the ratio N/N . The. barium titanate array was 8 cm
a
high and 1/8 inch in diameter.
The Mylar transducers were constructed using techniques
described in , modified as follows:
(a) The backplates of the larger transducers were constructed
from \ inch thick aluminum cylinders. The backplates for the
smallest transducers were fabricated from \ inch diameter copper
tubing.
(b) The cylinders were, capped at the top and bottom by
lucite plates.
(c) The Mylar film was cut to the desired dimensions and
attached to the aluminum cylinders with thin strips of double-stick
tape, one piece around the top, one around the bottom, and one
piece vertically from bottom to top.
(d) The inner electrical connection was made from the center
pin of a BNC connector mounted in the center of the top lucite
plate to the inside of the backplate. The outer conducting path
from the metallized side of the Mylar film to the BNC was completed
by covering the top lucite plug with aluminum foil which was lapped
over the Mylar film. To ensure good electrical continuity, silver
paint was applied to the aluminum-Mylar interface. To decrease the
possibility of electrical pickup, the bottom lucite plate was also
covered with aluminum foil.
(e) When the silver paint had dried, the entire transducer












The pressure-sensitive barium titanate was constructed using
eight 1/8 inch by 1/8 inch cylinders mounted on several strands
of twisted wire, which provided the inner electrical connection.
To provide the damping necessary to reduce the effect of longitudinal
resonances, the spaces between the cylinders were filled with strips
of rubber. The outer electrical connection was provided by a wire
which was coiled around each cylinder. This probe proved to be
somewhat insensitive and was used only for comparison purposes.
When the electrical load on the Mylar receiver (see Fig. 2.5)
was terminated by the 1 megohm impedance of the voltage amplifier,
the receiver was sensitive to particle displacement. Therefore,
the Mylar receivers were used to measure the particle displacement,
and the barium titanate array was used to measure the acoustic
pressure. Transmitters and receivers are shown in Fig. 3.2.
Electronic Equipment
Figure 3.3 shows the block diagram of the equipment; Table
3.1 identifies the components in the figure. The unit-pulse generator
was used for the step input.
The received signal was sent from the receiver through the load
and bias network, amplifier and filters to trace "B" of the dual-
beam oscilloscope. The output of the power amplifier could be
displayed on trace "A". Measurements of the received waveform axis
crossings and amplitudes were made directly from the oscilloscope
display, or photographed for later analysis. The electronics were
triggered by the time-mark generator which also triggered the time-
base of the oscilloscope. The intensity of the "B" trace was
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UPG Unit pulse generator, General Racio type 1217-B
PWR AMP Power amplifier, Hewlett Packard 467 -A
TMG Time Mark Generator, Tektronic type 180A
AMP 1 Voltage amplifier, Tektronic type 112 1A
SKL FIL Electronic band pass filter, SKL model 202-D
RC FILl Homemade variable low-pass RC filter with 400 khz roll-over
RC FIL2 Homemade high-pass RC filter with 2 khz roll-over
SCOPE Dual beam oscilloscope, Fairchild model 777
LBN Load and bias network shown in Fig. 3.4.
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Source and receiver were carefully positioned so that the distance
between adjacent sides, r-a, was always the same.. This insured
that the trace modulation would be properly positioned with
respect to the inception of the received transient signal. The
load and bias network shown in Fig. 3.4 served to supply the D.C.
voltage bias needed by the Mylar transducers without allowing
this voltage to appear elsewhere in the circuit and to provide
the proper electrical load for the receiver. The 22 ohm resistor
in the transmitter circuit was needed to suppress parasitic
oscillations caused by the transient excitation of the capacitance
of the transmitter and the residual inductance of the power
amplifier.
The rise time of the system was experimentally determined

























The purposes of the experimental investigation were to (a) observe
and analyze the received acoustic pressure and radial particle displace-
ment waveforms in the layer, (b) compare these waveforms with the
theoretical predicted waveforms produced by the computer programs, and
(c) vary the value of the ratio N/N over a large range to investigate
9,
the validity of the assumed asymptotic approximations previously dis-
cussed. Four basic parameters characterized each experiment: the
range r, the transmitter radius a, the layer depth d, and the speed
of sound, c.
Experimental Procedures
Before each run, it was decided which parameter would be varied.
Generally, the time of flight T and the depth of the layer d were
kept constant while the source radius a was varied throughout its
range. The 0.25 cm radius Mylar transducer was used to record the
received particle displacement, and the barium titanate linear array
was used for the acoustic pressure receiver. The temperature of the
water was measured to determine the speed of sound in the layer
The depth was determined by averaging several physical measurements
taken over the ensonified area. Another method of determining the
depth was to excite the tank as a pressure-release cavity. The
cut-off frequency could then be determined by observing the received
signal on an oscilloscope and varying the frequency until the signal
disappeared. Once the cut-off frequency was known, the depth could
TTcbe calculated, using the formula w = —r . Because of the irregularities
n
observed in the depth, this method proved to be no more accurate than the
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actual measurement using a ruler and was consequently abandoned.
The intensity of the trace of the oscilloscope was modulated by
a 10 usee marker available from the time-mark generator. The
source and receiver w^re carefully positioned so that the distance
between adjacent sides, r-a, was always the same and such that
the reception of the received transient and one of the time marks
always coincided. This insured that when changing transmitters,
identical positioning and time of flight could be achieved.
The received waveforms were photographed from the oscil-
loscope display. For the stap input, several photographs were
taken of each waveform. An expanded time scale was used when
photographing the leading portion of the waveform which contained
the high frequencies. For a typical experimental run, three
photographs of each waveform, were made utilizing, for -xample,
20 usec/cm time scale. By varying the delay time vernier, the
entire waveform could be displayed an i photographed for later
analysis. By careful measurement of the position of e sis
crossing with the neighboring time marks, the relative phase of
each axis crossing could be compared between the photographs taken
for different source radii. The amplitudes of the peaks of the
waveforms were read with the help of dividers and a seal-. Sample
photographs are shown in Fig. 4.1. It should be notid that the
anomalous behavior of the received waveforms as evidenced by
Fig. 4.1 departs drastically from the smoothly-varying computer
predictions of Figs. 2.1 and 2.2. This anomaly will be discussed








(a) Received Acoustic Pressure









For each experimental run, a corresponding computer run was
made using the same values for r, a, c, and d. The computer
programs wer^. written so that their output f h run includ.
graphs of the predicted waveforms, times of axis crossings for
the layer solution t 1 and for the duct solution t 1 , and amplitudes
m o"
of the peaks and the time of occurrence of these peaks for the
layer solution. In this manner, the theoretical values of the
times of axis crossings and of the amplitude peaks could be
compared with thos== values experimentally determined.
The time of the axis crossings »ere compared in the following
manner: Previous work suggested that the time of aach axis
crossing should be the same as the theoretically predicted t'
within the validity of the apprc ins us d. « s ^hown in
section 2, the theory was valid only as long as N/N £ 1. There-
x
fore, the convenient parameters for analyses were the time of the
axis crossings and the ratio N/N . In ordt-.r to reduce the size of
a
the graphs, the time coordinate was reduced by th^ amount t' predicted
by the computer.. The time coordinate signified by£\t' was plotted
against the ratio N/N . Figuces 4.2 to 4.4 are representative
EL
examples of these graphs. Thp solid line represents the values of
t
1
- t' f and the circled dots represent the values of t 1 - t 1 .
om m exp m
Were the theory to have been completely correct and the experiment
accurate enough, the data would have fallen on the X-axis (which
represents t 1 - t'). As can be seen from Figs. 4.2 to 4.4, themm
data were not in agreement with the theory. The effect of the
















Experimental and Computed t 1 vs. N/N for Acoustic Pressure Waveform
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Experimental and Conputed t' vs. N/Na for Particle Displacement













r=8?.8 cm a=6.00 cm
d=8.00 cm N =12.051
© Experimental Results




Experimental and Computed V vs. N/h'
a for Particle Displacement
;.aveform Generated ty a Step Input in Velocity for a - 6.0 cm.
Figure U.1+
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plotted on Figs. 4.3 and 4.4. As can be seen, this did not
improve the agreement between the theory and the data.
The peak-amplitude data were also analyzed. The experimental
amplitude peaks were first normalized to tht value of the highest
peak in the waveform. The predicted peaks were normalized in tl
course of the computer programs. The ratio of these normalized
quantities was then plotted as a function of the delayed time of
the predicted amplitude peaks for each run. Exact agreement in
the shape of the transient would result in a lin~ of zaro slopt
passing through the point (1,0). The amplitude effect discussed
in Section 2 for a Mylar transducer used as a receiver was also
plotted. Figures 4.5 to 4.7 show plots for various values of r,
a, and d. Once again, this affect did not improve the agreement
between the theory and the data.
Error Analysis
The rise time of the. experimental system was determined to be
about 0.5 usee. Therefore, instead of b^-ing a perfect step- function
input, the velocity at the source was initially described by
r -I
where o\ = 2 x 10 sec ' is the reciprocal of the rise time.
Previous work has indicated that the rise time of the system
should introduce distortion into the received signal for at most
3.0 usee of delayed time t'. Since this time is less than that
for the first maxima, the effect of the rise time on the received
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It has been shown that the velocity of the Mylar face decays
to 88 per cent of its maximum value after a time of 360 usee
This effect is not large enough to e.ccount for the tailing off
of the amplitude peaks of the received waveforms sern in Figs.
4.5 to 4.7.
Uncertainties in r, a, c, and d were the possible sources
of error in this investigation. The effecti r -^ius of each
transmitter was measured to the nearest 0.5 mm, which could have
introduced an uncertainty of + 1.0 per c- nt in the value of a
for the 6.0 cm radius source and +5.0 per cent in the value of a
for the 1.0 cm radius source. Measurement of the temperature of
the water to the nearest half-degree, restricted the systematic
error in c to within + 0.5 per cent. Determination of th^ tirr.e-
of- flight T of the received signal form the source to the receiver
produced a possible systematic error of + 0.5 p.-r cent, which in
turn resulted in an error in r of + 0.5 per cent.
The largest experimental error was encountered in determining
the depth of the layer. Observed irregularities of + 1.0 mm in
the bottom surface of the tank could introduce an error in the
local effective depth of the layer. Since the averaged layer depth
used as an input to the computer programs was only accurate to + 1.0
mm, the systematic error introduced in w was on the order of + 3.0
» j n _
per cent for a depth of 8.0 cm.
The error in determining the times of the axis crossings from
the data was effected by the accuracy of the oscilloscope time-base
which was calibrated to within 0.3 per cent. With the trace of
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the oscilloscope modulated with the 10 usee marker as an additional
time reference, this error was reduced even more. Therefore, a
random error of + 1.0 per cent could be expected when one takes
into account the accuracy of reading the oscilloscope scale.
The errors in the computed values of t' were influenced
IT!
predominately by the error in w , since it appears in the argument
(2 2 s
of the Bessel functions (w J t - T ) from which the t' are
n V m
(5)
computed. It has been shown that the argument of the Bessel
functions could be rewritten as
"•ntUtWD =• C^
where C are a set of constants which yield zero values for the
m
amplitude of the particle-displacement solution. For the leading
portion of the signal, we. have
w*(zT Ct'mV2- « Cm
and C,^
Therefore, the +3.0 per cent error in w could lead to a + 6.0
— n —
per cent error in the computed values of t'.
m
To reduce the scatter of the data, a one-parameter fit was
tried. It was decided to determine an effective cut-off frequency
and use this as an input to the computer programs instead of the
layer depth. This was accomplished by determining the cut-off
frequency for the values of t^ and the arguments of the trig
function approximations developed in Section 2. At an axis
crossing, the argument was equal to an integer multiple of
[
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A computer program was written to evaluate the cut-off frequency
for each axis crossing. Then, these cut-off frequencies were
averaged to give an "effective cut-off frequency" to be used in
the computer programs to recompute the time for each axis crossing.
Figure 4.8 shows the effect of this one-parameter fit. As can be
seen, it did not improve the scattering significantly and was not
used.
Error flags on Figs. 4.2 to 4.8 indicate the relative magnitudes
of errors in the experimental and computed values of the axis crossings
and peak amplitudes. However, these error flags are not large enough
to explain the scatter of the data or the anomaly which was present
(see Fig. 4.1). The theory could not account for this anomaly so
various experiments were conducted to investigate its character and
source of origin.
Firstly, it was suggested that irregularities in the bottom of
the tank might be a possible cause of the anomaly. Therefore, the
relative positions of the transmitter and the receiver in the tank
were changed. The values of T and d were always kept constant. Four
contrasting positions were chosen; one near the left hand side of
the tank, one in the center of the tank, one adjacent to a seam in
the bottom near the right hand side, and one where the transmitter
and receiver straddled the seam. As can be seen in Fig, 4.9, within
the experimental accuracy of the investigation, positioning on the
bottom had no effect on the received waveform.
Secondly, it was decided to monitor the current drawn by the
transmitter when loaded by the water medium and compare this with
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experimentally determined by measuring the current in the two legs
of the circuit shown in Fig. 4.10. The current present in each
leg was amplified by a differential amplifier and then the difference
displayed on the oscilloscope. Photographs of the received signal
could then be analyzed to determine the current drawn as a result
of acoustic radiation into the medium. By analyzing the equivalent
( 1 f>}
circuit of a Mylar transducer used as a transmitter , as shown
in Fig. 4.11, the predicted value of the current drawn as the result
of the assumed Dc loading can be determined. For this assumed
loading, the current drawn by the mechanical leg of the source
should be flat. Typical values for the 6 cm radius source were
near 6 uamp. The measured values of the current had rapid oscil-
lations of nearly 1 uamp peak-to-peak amplitude, which indicated a
significant fluctuation from the flat response predicted. This
casts doubts on the validity of the assumption of Oc loading used
in the developments of Section 2.
Lastly, it was suggested that the polyethylene foam was not a
perfect pressure-release surface and that transmission through it
into the wood bottom was the cause of the anomaly. In order to
investigate this possibility, two additional layers of polyethylene
were glued to the bottom of half the tank. Then runs were made on
the single- layered bottom and then on the three- layered bottom.
The quantities r, a, and d were kept constant for the corresponding
runs. Figures 4.12 to 4.14 indicate the predicted waveform, the
experimentally determined waveform on the three- layered bottom, and
the experimentally determined waveform on the single- layered bottom
for three values of a: 10, 6, and 4 cm. The vertical and horizontal
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rzr C in leg B was matched to value of G of transducer (leg A),
Circuit used to Monitor Current Drawn by a Mylar Transducer as a







C = .018 uf
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C = 10"6 m/N
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6 2pc = 1.5 x 10 kg/sec-m v(t) = 20 volt step input



















(c) Received particle displacement waveform on single-layered
bottom
Bottom Layer Investigation for Three-Layered Bottom and Single-Layered




















(c) Received particle displacement waveform on single-layered
bottom
Bottom Layer Investigation for Three-Layered Bottom and Single-Layered






















(c) Received particle displacement waveform on single-layered
bottom
Bottom Layer Investigation for Three-Layered Bottom and Single-Layered
Bottom using U.OO cm Source.
Figure U.lU
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scale settings on the oscilloscope were kept the same for each
set of runs. As can be seen, there is some evidence of a bottom
effect, but there is no clear correlation between the three runs.
However, this evidence is sufficient to doubt the credibility of
the assumption of the perfect pressure-release characteristics of
the 0.25 inch polyethylene foam.
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5. RESULTS AND CONCLUSIONS
The investigation has shown that for N/N £ 1 the predicted
and experimentally observed shifts in axis crossings should agree
to within + 6 per cent if one takes into account just the known
systematic errors. The correlation between the predicted and
observed amplitudes should be of the same accuracy. However,
the difference between the theory and data is greater than that
expected.
The theory as developed in Section 2 could not account for
the anomaly which was present in all runs, but the qualitative
agreement between the observed and predicted waveforms and the
general agreement with the solutions developed in other work
lead one to believe that the theory presented in Section 2 is correct.
It is concluded that the experimental setup used is not accurate
enough to give results needed to confirm the theory.
It is recommended that better electronic equipment and transducers
should be investigated. Further studies should be conducted to check
the validity of the assumed pressure-release characteristics of the
polyethylene foam, More investigations are needed to try to determine




1. D. V. Anderson and C. Barnes, J. Acoust. Soc . Am. 25, 525-528
(1953).
2. J. M. Proud. P. T. Tamarakin and E. T. Kornhauser, J. Acoust.
Soc. Am. 28, 80-85 (1956).
3. K. Walther, J. Acoust. Soc. Am. 33, 681-686 (1961).
4. A. B. Coppens, J. Acoust. Soc. Am. 40, 331-341 (1966).
5. A. C. Miller and G. F. Wendt, Propagation of Two Simple
Acoustic Transients in an Isovelocity Layer with Perfectly-
Reflecting Boundaries
,
Thesis, Naval Postgraduate School,
Monterey, California (1967).
6. W. C. Knudsen, J. Acoust. Soc. Am. 29, 918-924 (1957).
7. L. M. Brekhovskikh, Waves in Layered Media , trans. D. Lieberman.
(Academic Press, New York, 1960), Chap. 5.
8. J. R. Wait, J. Res. Natl. Bur. Std. (U.S.), 69D, 1287-1401
(1965).
9. J. W. Miles, J. Acoust. Soc. Am. 25, 1087-1089 (1953).
10. R. G. Barakat, J. Acoust. Soc. Am. 33, 1759-1764 (1961).
11. C. M. Knop, IEEE Trans, on Antennas and Propagation AP12
,
494-496 (1964).
12. C. T. Case and R. E. Haskell, IEEE Trans, on Antennas and
Propagation AP12, 401 (1966).
13. R. E. Haskell and C. T. Case, IEEE Trans, on Antennas and
Propagation AP15, 458-464 (1967).
14. A. B. Coppens, private communication.
15. U. S. Department of Commerce, Handbook of Mathematical Functions
,
ed. M. Abramowitz and I. Stegum, (U.S. Government Printing Office,
Washington, D. C, June 1964), Chap. 9.
16. G. L. Palatini, Electroacoustic Properties of Mylar Dielectric
Underwater Sound Transducers
,
Thesis, Naval Postgraduate School,
Monterey, California (1966).


























































"M >-" <Z -uL/
Q. i: 1 a
"» LU <cco<
h- a*wO0




* or t- _j
ID o0>—t«rr "3








Of »~ LU Z K LU
llc t- or »- < oc
«/iOLL •— < h- z . aoo
z z o arc e z
CO" •• LLLU OO U~ CC Ct- » "ZW? *-
*-"k-Q(UJI(/; 2 LL LU >— LL C3 I— •—
i
hi/.CIhiu <i a C a. oo • oo -»
<T»-UI- X O < _j K- O0Q.C 0O0O I2^2 »K \~ <I Z ~^<,-* CO
•—zaaC oo > o v lu ~z.ee cc
CC C "CLULL LL LL O C" 00 m(J C
ZoZLL>-C O 3 I •— JK IA>C a <r _j u ar x_jC ooo^
o^-llZ_jlu a: < — LU •f^-«IlL C— —
<i»-C— Z ll>x > <• ax
Car ^-cx— — K 3 < K »ooC o<i <ZZ-?*--)*- oo z X _j <JCiu Z
-0-03<r K LLI O QC DOJQ 0~C >-
\- »-JUO h- O »— O LU _JLUUU (-"LU X
<T »t-0 LU Z X LL X _JLU«LL xz «r
CooOOOLUV C C 3: h- <C0U.Z <—i Z
— ZLL q:< t- LL • •- Z
<Oar_j<i_j oo >- z aLL a7dcu. «ja _j
>>—tX—> LL ^ a CD •— LUO LULULUZa: <lu <
LUI-03Z0 Z LU h- > >-zz»-<r »-»- h-
UOLL<- > LU <ar <«i-iZ Zll z
>Z <lu _j - z O _jlu _jar<«co luc lu
ccc<luzx j uj m m cc lu—)<<r »z z
u xz»- < o t- > \z.t zcaz <•—> •—C Ch-a »- lulu <i »-3 »-yyiijto»-aj a
ll_jZ Q aioLL _J Z luluq:C<uj_j lu
Zoj<3eoz Z arO lu »c a troa< »a
»-oo cz< O Z3 iOOZuj «LUa:rvJO<i vi-ilx
<oo »x< «-• COi-C lu3Coo»—c ZZO—iLUZaTLU
h-a;Zoo — - arooZLUZ l— CClu<ll < < LLC •
ccco*-' »~z a. ll Lut-c<ioo2"Ci o >t-u-zoomuj
O <Q<K • «-• u.Z<Za: j hZ^ZZC-woa
u.ZH-a:<0 a: luCjluo:i— lull _j<ll<i<^-k lu a lu 3
ll.CZ ZaLU {_; u auuxZCOOZ ZZarLuaa.00
a. a.Ca.rrz 00 zoooZ<lu z ar«-'Z •— luq-Q-luoo
<oo »lu a — lu ozuji ooocc xczzooarcrx cclu
5 S Xa-~Z D I-hwC H LUCKh-LL CXUJZUjZZ a.
00^)0-0.0 or 00c 11 x luz a. a _j a. cii •—Co.
lu 00 lu< ll i- lu < —><n— < a lu oozxza z
_j i- a <it— t- DaJ 2 0011 q llocluiix h
coiu cooarui < 11 11 lu a 11 z 11 — --to <n
<n-z cza c a<o k oil en . z<i z
—cwza •
CtTZi-H>-"— LL' «>
<3 1—it— OOULOT —I
>U.rt-lin< luZ—1<0 cc
*- 0-li.O I z \
l-C- CL —
1
00 a_i t— o^i ora 00 •
3i-u i«r.a < o ~C<Ca;x>- k_»lt> —*
OUDLU<+«- < LU • LU
<z > «~ o •- ^ r-
CZ<I »<<f LL r-< »
'jja-—"_jatr Z Z — Lb x
oov—<r lu»-«>— c <r r^
lu zlu>-xx q. »— —1
Xu x<<a< 2: <t _j m









































































































C Cu-CC ujI _i0»UZZIl-J
_^ — 2"~— •- —
C5 •—uj _jX*-«->ooo'> a. j5




>- >— ct C «/)•» cc jt •—HO — U-t^-vZjl/ioO <xC_iXZ «U UJ— O0i-i"-UJUJQ.
oujuj >cr>— >• x i a?
— OS" i— t- c oo<r<r — •$
—JOi—iT ^-LLiwH.J t— _)^
u_ uii—u t-c I SCO 2 cr
a. •— ^ •— ujuju
u-U_wO0 <4.r— — JJ »— I— UJ Lu U.
C u-^r -J^— XX>Ij>_ic_
u > <r C»:LI— jq q. <o
lU j_ <l uc • J Kill J>JSD-Ji-x>r'O>00uu3
•— I JJ < 5 Oor ii OO C II 5.KKDUJ5 5T a. II I— M II II <3 >—
ii o*-i—k a ii _j x> a. a. •— _j <r
*- n cc o<wooau2.
azo. na>auua>










































































































































































































* I t—i —
.
Y~ (VILLI # <r
K LL — Q. # a. X
* K- O # 2
X a a + l-O a
cm # C cc o y- Q 2 « •»
* QL c + — o<i on
« # LL O N 1- v 1 cc
a * * —. fNiZ <r
a. »» * QC h -a 2^ I- * »— # •f
UL »—
•
c —. — ^— tx *< —
> — * u <T C£# *- (_5 KX * —
»
c _j z + -V<IQ I —
•
2 r-l
< <r * o. — o:<—
o
h- a * 1










*v 2 <* CC II — * ae> z
CD «~ —» # < ~-qcc\jz:«- X OOQC # •—
1
CM K MM •* r v^j# * « < <I
t—
i
O. — * 2 '^4V <-~ — z •* • * X
•^ o •—
i
M it a u— r-( s. r a 2
• cc * <r r:+ i 1 II cro > — Q.
<T • a x co r 5" X ODU oo w
w r\j k- 2 -5a z~ — q:iaj2 ft » W~,
+ * Q. II *vQC <* * «I-5Ci. — or
—
•
2 # » — rr,-v ^ * * i—i <
cc »— X 1— r^~<z — — •V — w
cc — II -if < ^ 1 * ^r~« •—
1
LU X — •—
i
"^
UJ — — Or — ii cc <r i — 1 Ct _J I —
> ex — # 2 <!—l(\lO«"L5— LL •» "™* — —
C a — o_ v. r • *-* * — 2C X oo M f-(
< t— o * ar<i\fM«" <rr OS «• LU 2 1




>^ < * LU I— ll a — <i •• <r —
X — —
-
K O.O. + C£C>~<c~ c X 2 CM
CM •—i C. a a. Oll, CH- 1 1 It *- 2 — a
•—4 — • ^ ^T^o X ^ -« Q f\l <r CM X
">v M * _j — 3:r\i i-ii V^-l(\ 1 * —> * <r 31 «i — U-«-»LU
» CC < > ^< ii ~- ii — — — » 2r-^ ro 5 -)K
i! a • * ;> — **-rrii X2 X ft '•S — r\i a i — OJ—*
•*• >— LU ll — f\jro^^3—3 CC-—w <r WH lA *-l/)CM
— ^ ->r OU-flfMi-OOi. IA i * «a —>^r, » OO— ~C\J ir CVJ-k <r U.
•2 h- • *L «> * II II 0-3-2— i —' ^>-'^-f—
i
X — (\lii f\i(M •0-0-0.
CO JC T Cl # f_J • CO. CLOO 1/5 « •— l; o"< >j <cx — -R-U.LL. UI x>
f\J<I *"l •O ^ «-» ~z 1C^(D II II —•—5 II 5. — il a. LOQ.5 a —51ULULU




' w JC — ^LLfT LLLL UL <Il/)i— CLO. -5 LL Q. tJJK LU *? l - i •
• •
.-.«-.
II -J it Coo >^ •K >LU'— ii at -H-5+ Z3X 1- II 1- II 5. I| r-l
(•^CM II fr*-4 1— j— <I Cloo H- i-crzj;u + «- 2LU II r\J II -•-3 II LOCM
r^ II —"Wl—> a LLi <1 * ^ n >— a. v-3 5. - i—»— (MIX (M • L^LL5
n otn. ^-_J'— H- l/ICt 2C f\jQ _j<ar <—5a i»— ii Q.rva.'-ivOtx n o_ll
•-tOCO'-»cc<J d^- # — a. z it II JJSU- II CLU25. XX Z II 5 XX IIjca it Q->a:u. XX a oiu<zxu.-5UOUJujiL.D2:Gaj_;iiiit











* ft ft ft
ft ft ft ft
* * ft ft
ft ft * ft
ft ft #
ft ft ft ft
ft ft ft ft
* 3 ft ft ft
».' -
— * < * ft ft
— a
— ft ? ft » ft
•— a«"«»« «
< « <J ft ft ft
or a
^ » ? * «
Q. a
— * * » ft
C\J CO LL
U. <fi ft C ft » *
3; <I •
D ft ft ft *
CO — 13
ft — * ~ ft ft ft
f\j ~-* a a
ft 1 »• co. * * < ft
» — t- 1-
a. w-^^^ft.^ «<ft
or t- — < <o c
C < ft X ft f-i ft*
ft Z ft 3 x « «-<r«
a a. •— < K —
cr w v r vc — «• z w*
q f> < —• — u- z
u. a_ * 3 lu r\j —< ft3* —





-> ^ ft ixjlu ft — or ft 11 ~>
+ ? "> M I V IXvJ" «» U--5»
"9 CE —»-i — ft t-t- ft ^" f- ft Cl ft ">C
— aw — r\i <— x ».—
1
tO 4- O— —
•
fr l/"U. # -? C CX-* rT—. ft U_ ft ~LU
* i_xt l ujq — a- oc z 1 t- csih- nx
rsj .-< ztxrv •— z ft «—^Ln ^m ex — _i »o ft Z ft ~5—
ll o QZo — m-lu w.r\iLO <\jr- •~~~ a^ mx — ~»*.
Q. < *.Q.>£) H- ft i. X * K- ».-* .-< C;i~. Ci •< ft ft Q-e'
3" ft <— •• < a— <c , 'nj CM a. or c>i co x •
LU 3. "-•— <\J CX
-ft LUh- -ft GClT* •• P- • ^^<ia. m — — •• -ft U ft L)U
t— L? —1 z 1— z ~*o --« k m ^ y? <r <^
ft l^ Z— >C LL— -ft LbC * CLfNCT C\JU* ll^r • I <T»- > LU ft — LU
3 ft •-*— — •—< Qlu I •-« *«-^ 11 c f " •— 3 < ct »r-
a- ex «.<—' cO 1 ft > ft —> W .»\J v_-'M K"— •— >^ *» u-u. * ft —• -
•* jl ^.O. ^ X «-" Z< hk <J - Ul—W *•— KZ Z ZX
f\i r_; ^z.*j <w ,; c_ _i » 1 —"O -* "? xui-- r\j or 1 a »• u * -~r~
ll o aa- 11 1— ~ lu —.(MC7v --<r ,\jctp-<v - <x(_; r\i a. —— « 1 ••
3. 11 11 a. — at. ft t-o ft — r-i + a-H|^i<x 1 — - —5; * 1- ft Ovim
3ixj— —11 a. ^.o.u_ or >— z<^ -iZM <-' 5T< ixic 11 — cr at -0—
co_?«— —< ex—«^:>-i3 ft clu ft <o—- 11 no- 11 <m 11 — 3. 11 z) '. — —< c; * c ft «•<-»iiz-
-at) + - + z clI a-- •-, —•—' 3. ~'ZCT'-"-, afZ o. tr>-
r^l<->3L H-Q.X ^atrt-— ft I- ft ZtO| ZOtO IZC. t-t-3Z— l^wla. ft * —'<
ix>—o <c£<i^a. _j>- to a.««t"i->->-ioi-u<'-Ct-« + >-«HKj to rr3
3;zo qcu—' 11 cluz « ^c » w^,— 1— ,^_~ xara:—z—"-"ex 11 — _j ft •— « or.
wOZ ZXtL^UQU XZ ix.u_u.i/;f_;ULLvtoc<ZCi.tocu- II CLZJ-< X LUC
tooo. a.<t— ^:<i o 1— <i ft -w-mo-w«c!sq.k'-o>—i-z-u ft t— qcll
1—1
f\l ft ft ;,X\ OOlfi 3 r fM ro ft ft
-^ '-> >rtnto >or-r~ no c r\j r\j c?
-C ,> -D if ft ^-«—-•—• -I^H -1 H ft ft fvj


























































• CV » •—
<
—I V ~





























































CL^t c^ — •—• •—a—
<
o !—"— cc -CJ a
• ITiirMi-wO. oc<_>t—
z
<_> »"v ••— h-— CL<<IQ.
•V^ I' ct X—O X «. X
»U--r> <Tt— •• •<! »CL •
<I • »^- »XCX) »-x »x
» ii <_ u >— r- •—< •—•m •— r\i
JL f—(CL»-»—IU ^^-(^.^^
— ao/i »>x— — •>
<r —i - -o ^ »-(v 'j-> -
fVJI H XrNJX^^Xr^X
•^ CO »f—'— ••—I »»—
~-t-CLLOwt_X-»t— ^--K
ULi <IO • uj <T ~-> L; l<I LI "1
»-5 .i-x-'i-^-i-s:
•—
^CtX•-<-, Ct vv^-al ,—'Qi































































































































Xi T £> * >" c^c
ZZLf. »f\J • ^H •
-Cjlh ^^ •LJ'-' *C C
t—-«~.-« >* all ir> II •
XX^k- +vO—Hl-Z-l-C ZDZ<G~C II _JCt:U_J II ct
QTJJ?T ZXZ-3D^D--J
ccje a: ii ~-^-i-«lok-—»oo—<h-
X>—OO U- LL.— LU LU LL. LUw LU















cr •• LO — — M — X
T O. J" • wlT <NJ—
>
—rj "~l ~»




1 'M # a»- c_ — * U >- X U —
cr _ r-x —
i
LU • X vC 2.* *LLU • X fl 2. * LU *. LL <_
*r -h » ^.p .— r —* W • -*
-X r\j ^m • •* ••* *
• » r-h- •—
•
^_. •loo. -»LL • moj 1 t m M 1 LU —' OJOJi—i— ••T >o z CJ #—< #,—1,~4.»-»;2 • II LO >3-— n ? II -M— a: II (Nl —>-* h + :_? ii -3h-
M ~ ITii—i -5 «-<C 1 II uj_jro oj— oj.~ Oj-H-Ji ID -)— II I3m — LT^ lO^<->5.uO-5w ||
\~-z — 1 II C— o# I 1 —•— 1 w 3o0 h-t-Z1 _j i -•— 1 • «~ r;— >— >—
z
_)cr. lu<—iDrgOOUU-iiCU JUCO. + ojojc. >-oun>vO II JQ.#UC + ojoocmc h- O^Tvu II _jqc
DDi-a z- it Z'sc -5?: ^ ii :rv •? 5 r\i»-«M h- II vT II • IT-—ZO • 5" ? O'—•>-" I - II f- II •00— DI3
00 >— i—iC «-- ii — II ii s:co_j^-c\j ii 11 n •—— n 2 2.—I -5O0h-(NJ II II I-"— II LL 2T X^ -)UOH-0
LULL QC t- U-CUU.OO-D«-LL II 0<NJ ~ LU OJ (_. _3O Z3 II C~-LULL Ii CfN»-^Lur\j ii COOD ii C^LULUiiT
2LCL JC.yyi>--)s: — 5 5/ t- —IH-— LL.3F — Li. I— i—.— OCO OoOLU Oh eta LU X •—(_—— j.OloouoluC*— ofaiu
u\ vON «-*<\J rr >r lo >0 t '..;. •—
t
.— rv m r-< ^









































































lu 1 1 ec
r LULU
-ho















2T • • •
a. f\io
LU ^>T\f v
~z r r ;o lulu
<-> III 0<\J
LULULU LOGO
a 1 -o^- • •C ^ 0—40





-oO c ^. > •"•
<-> w>Lv UJUJ •





























































































































a a k _iz u_
a lThD











•a ll »h- z «a

























































































































































LULU «I ^*D •—XXLUCOKa
HUH. —< Z LULUQCC<LU
a C LU »C QC QtOCL
2:0 »OOZlL •LUOCfMC< XOCKO LUOCcOf-C ZZO—ILU
qccozluX \- CClu<ll <r <
LL LUh-O<C0S"O jX C >-»— LLLU2:cO
ll2:<X3C _i t-z^zzca— co
LUC LU CC —• LU U I«ILL < <•—'^LU C QC LU
o aaixzcooi 2"2"cxcoluqc
ZlOoZ<lu 2" a>-^Z •— IJJCOQ.Q.
<jczLuxc, nct:oxcz2'co3iccLux
-^-•-O II LUC»->~LL Z5<LU2"aLUZ
LUZ Q. (X—) Q.OQ. II >-<
Q. LU OOZXZ Q-
CO II Q LLOCLU II X
II Z II — —* o




























2" LL' C one *
*-" a (—
1
^ Of 5" •z w
» •
— LL. — o — o t < * •







a KS) a — a < CJ * —— rOfiC LL i-2 a. 2. LU Oi «-»
-
»
x> • t— — x: - z or • * — ( ^-<k O-
+ -JUJ <r onar or c i-a j<j II
-^ <<X c LL — C U' ft <r ~<it- xor
>x a a j 2 s: LJ H or a >_j •
<x CO LL
_J — or h- K C>-LU • on




*— lull: — S • 1- o _J # 1 ——. » Co
V Zo LU >— z z Q. OC ; •-* (£n0




•— • \- 1- » CT ^rTr- (*>
5 3 U.I OT <3 c »u _J c wQ --(* •
a Z a. Co. 5. cjcr w 2 Jc LU-^O-— o~
_J LL
—
LUK- z LUC—'C 00 < J<fX« LL»
<r K C o~ Cv K-XO LU # u<aco K II
h- LL'—
«
h- • » «-r xc or c > 5'Q.— <X
*-_ a i <Jf- jr ore h- LL # o— <r «-c - <
LU U -J?' Of HJhC <i t- .-: »—m X
T >or O LU— Lt] 2 l-Z < ^l• — C *m^^ •— • a.
N*
_jC OTZ c »- • LUon O CO _J f (T ">rr<r ry~
a —j X^Luona. 1— 0_lt/>— < 3 * C wrr.^h-
LL <r + C <T t— <T — _ll- u a_j~-o_j • V)
CL h- — ooofT>~ Oor »-<—
o
on
_1 * **<5 CLL CD-
X z LU < xz ZLL<TLU C • < »- >•— »c S
LU LUO~. TcfTT oo. LU LLOT
—> or
Zl- O * <i-or—
or «-a<~ —
LLILi—O CC X5»- zz i^ior>c onuj • LU » 2— t—rrc <}•
Cjxa. 3 U.ZIO i—i^^ zoqcu O0LL2 az Q.'^, •^-rr- » • a
DLLK :slu <TLUO OU.D » ••w-~0~ •• II »
orcoo..— Qlu I CO orXLuO OTLU— _j -O-'OUJ • >- z
LUOOX
_J ZGLULJ -z? Kl-X^ U K _j # C**ffl "Q- _J LU





5 tt II 5 OS — LU h- 1/1 1/) a LU LU •</r>LUZCL. ^ * axil, o zc o
~a.o_< o~ i-or Cuonon—
.
• OorLurJK— >-xjc «-2K^< —I* - •
z X LL UCCA LUQrOOX<LLO on # ^-<3<«— •• a. • * X
II Q. u-Olu>- + 2t DC-k I/IILO LU<_J <I t— CXOOTi—1-~ LU» • <.
(M 5" C Too Kl_><_># LLjCXOTLL tr 2 * a. »zh- . - >— •— T
z <a >t-QC w 1- —J 3CU.ZO«L »— t~— Q_<3 O oner Cl.
t-O — ^OOona cor i-lu— t-occor ore ii- ^ »-or lt-v* c 1—XZ «LL —->— •—!(_• >'_UlUO t- a. CLQ. — C'- *"^ ^>- •
Olulu >— x x | oo?5<q:lulu luOO * <^CT'~~-~fr* — t—
•-OS l- a.<'<rrv y— LLLU_;X5LI IO O'- . wnct! (M _;
_J^*-
Z
U r-LL3>- >-OOCC< <r * cr^-i— r- a: r-lOO LU
LL LUt— LU 1 oo# 32 uj<Z ^ 1 la -L"a~<l-> c
a. — — LULUH- QOJ<I >-<i a. >r caxz J-LL- - w
L<n XU.CW w»— >—~ ccl-lux; o:2 Q- xu. OK OX —
'
S.—J • • <
LU r mz ~XX)»-LU_I>-|— LLLULULULUC UL_; * •C -<LL'- «JH-- • •
13 LLX K ^ a Cl' a:o<*— rr ont-j- 1/)0 < — •.",!X/— or
_J LULL<Ct. i ar 5 c?y > _j_j < c << 2 ->< Z . , CTXK -»«^-~
< S CJKVOQCi^coiuauii-ci ii r> ' ' . > ^,
.
<—t- (M
> — | LU <.*S)t^)LJX 2 n qj ooo-octa ii s: )i — CT ror^ 2 _J < II n »
1— 1— CLU? ii ii ii z ii < ii <~: ii 3< >- » i ^——^-. COCt LT.
a 13 II IQ. 5" "£ :$lulu<i II <<TQ II II <I <TX « za or<NJ< ^z Zl •
'XI ii o— I— i— _jclo- it _!_)— 0-05T —< 1— t-<I luo. fiosjja o "*HIJUO
X »- II OL <cooooa.CLiuxoo«j _C * J50a'Z<c II II II —x<








X C <_' Z c ft





a — iS • * ^ c.^ * r-
a •— >* 5" —' o Cu <\j
«v * o — z ? a
> _j — or * < tot— ir
O < — r-
< — > »r\j
ft ~ h- ^ a
• h- «v ^ ir>
co a. — r^^H < ir a. z_j * r*s
ro o — ^j «t
«~
—i ft ~ o^
CvJ \ • — ITi •
ft • <M Of — nm
* s — CL <^ <f*
— Z I- « -* •
Z 3; * <m# »m
I a <t — z-» ft — ^—
'
< a o •— 3 *t *--»—«. t- n lu — or Z —O -~UJ * w || iri —— —• i |
aO lp or. ~—i w<^^-— * z « > uu ft 2-~~
> -- K- CJGCLU •— + CCLUUJ # < * Ci—Z
C • m -» ctcg.
<CC 0C «v < «0 <ru-OU * LU X—' LU LL>~ ft —>fO<^-»
ft r\j <n — — >G> aft*->> t— or.i-1 t— - \.02-h
• — w\u-# # "uo * < »*» < » * «aZvO
o •-* 0C>v >0 — •~^*-a.-~<» k X ^v^-i _j »i^o • <-<a. •«
* w "v • — .-. Oi-i-~— C?— <i^>r * _i — CD Driui^o ft —* —
'
sfi v. or -«nc<—f'T < <or u n z lu »z-*^
lu arf— «-< — a. »o— "-"U-cnrvjaja; * > >v«i _j~*i— u_or * lu«— <— vO
ft ca + i— h- luot lu»— ft coz^"-" a.. or ^ cot-of zoo>
mcN. r— i^u* a. «-» z<i-J<«-'-'<irnf' ft — on oo o 3 -ft c •ft-Z.s.i
:.->_ u crjc»-< »cc -:,or • >ftccar<r\i<>J ft o«- cciw> o^ t- «o * ;* —•-»<*;
. or lo * a cc op r\i z •o"N -~n o^ i c? •• «z o* —zlus-o h«-"—-se—
jCM —^—i<oX"^^ 2 ^oo - lie- »i>0ll>OvO ^ H-C ^1— ~Oct * >— Z2.
r-— <<»}-— (jo •'^o— h it ii »-—— <.*-* n — ii n or"— a — z luk- — lu—o-o.
—k i ii •-•v. ii h-m • • ii —•«- _)<— "ii -~i— <—— -« ow h- «- mojokw « ~"_iLuiia:
a or. »o ii ~m—•< »-•-.—<w—.n n ^w^-i— o.i>o <a_ <_joo Zuj^o
<OJ wQC^ M << I m II LU *•-«>OJO—-<— * LU 3CQ. 5"0_lk-X -K- "">UQ.X
too. ii lu—-zcc>- ii ii a._j ~_j«-t-_j>-i-H>-Q_5-.-iro coac Z2 77<<u <(_>>or<'
or—CK> it jDoc-<HOJHa<o» ot--—'Q-2 CO * —Q- Q-< o.< cc~* * 2:«»oo-'
OLut-aaz<i^a.\_... o> n o.>or Lux<cD5:<a.tx xx i-zi ^u.— xu.











ft ft z ft
# — <or ft
C — LU ra
ft z »— U' zc ft
— «v < Q.O
ft 3 LU X <r ft
r _J a. z
ft _j u ^-or ft
_i > <S O
» c u z
u. «— 1
1
ft h- K- orro. ft
LU o K orO
» X O U' OO ft
*- oo
_J e;<
ft V (^<— ft
T 1—1 lu
» a 5" ft
ft T o ^-












ft Z >r < i/iO ft
Q. ^H 00
ft • o Con ft
D f*1 z or LL1
ft z ^ »- cz li-
<r t-4 k- >—
•
ft — 1— onr ft
k II LU
ft < — 1/1 x-lu ft
or »*vJ <IK
ft Z * LU'
o. u CC zo
ft ft ft












U II Z LU
« "V I —<*- ft
LU — <T(j>-y _£*
00 OO a ft
z ^O <LU O




« M Z LUI
ft K — *-*luO >-* ft
Q o Ol JO0
ft or a J ft
i/) or 25 «0
ft iQ. Q- ar'-H ftXX ZI






































• • ft <. —•
— a
11 —— o —
-—— Zi.
LLr— Lbw || Q.
r>-'_iuu a
Z—O -J or ljH— >oo. x*
l-<U>^«J

















































.r < (M «— ct »_ (\j
C?ft OZ» CCZ
ooi^ct -X.W-* 1 <
•1 5<tlu.- rr»-
— ** — It -cX •<.
LL*—~ l| — I —t || LU3**^* II II
—
O



























































































































rgcrCl(MCT cjv +|l Z ro
I .-u 1—
<
w xtjt— •—« M
—H+ C>—.^-4 1 crs <JX I o
<0-~ II f\JO— II fNJ II —5. II Z3CT —
Ct*-"-* •—* 5"~ Z I •-•—
2:00 1 2"t:uo 1 zc^i-7Z'-««-'-(^mi-OI- •—"—'Or— 0<>-<C3t— ^. 4->—
<






































ft ft * * ft ft
ft « * * * ft
* * V ft ft ft
# * « # #
ft « * * ft *
* * * * or * *
* * * * CD « *
* • —i




* * * * ~<-j — <i _- « * *
LUCJ 5"
-co
not- <i zx ^->
* * * * ^ c »f". — cc ft *UI a i ^ . ^ .
* * * c z ip nx — «v or ft «
* » * * ^»^ * > *r- ZS lu *
• • * cr — » •— eg









.-»x II q >t
* * * «. oj < a -0 ^ ^ ^ *5" a i/i<r »x
* * * » DfUH J J ai ^ y , ft fvj
°- * < <I
->t — —«-< ^
ft <X ft * ft*-|lZi9x-»* *»X^- * ft ~
•- " ^ >fr~~ X- ZlP?"^ LU'
< * * * <o< - __^ _^ .^ n * _,O LL O •— ycpar-l QC »^H m y—






* ft > •+- Q- *r\j<ra *a »^- ft X ft •—
* z * --« 2"* » * «ir < <j>*c~.u ~<~.lu * a » ~
LU Z - Z i • » tt __ < — I wQ C —•
ft Z ft — -• ft ft 3~.<- - <<t— X CLlPHX ft C ft —
•-*
~*~ " *- <LU^ •— X~Z IP X -<SO Ct —
ft <x ii c ~) ft < o -LL,~^»a*Q-x»-»ftaftu-
LU
-5 • -S QC »ll - ~* «-XCX Xf\j_JX
_i
ft Cl ft ->^ -5-5 * ft C ft Z II O XHOm <-*LLvJ- ft LL ft H-x »^ *,w— c :*«!•— a pn.^*!—i » »-c:<-< o •-*
— ftllJft—LUQCQC-J ft DC ft » ?IT< ^.^ » . ^5- . » » ft I-
t- -7>co a a. -5 a. t-x* • •> ^-.(V ^^^^ ^ _
o « ^ ft -5— OD ~ ft ft a<f o— ^ fc^. a ^.^^^ # cX - ~^ OO Q- U_ O I-Hi-H ^LL'-'C ia—j M ^
< ft ft cll, «a<i x— * o ft triPLU— cv_iao i-z<iu • »- * cT oo x • i i a<NJ o .-^ »•- hUQ.< <o.t-c ar -•
* ft o » u'^ S-Z * z < f ,viia-i>OI ax—ix » o ft w
< <^ ~>~> ** - O Q^ •• c ?NtL)(jif»-'2>ca.'m a lu
I- ft LU ft ~-a' — Ql » —' ft LUlP<It- z- ^-j-*; .-.q. *c • ft ft -J
< or «-r- > q «-x t- < • •- •• ,xlp »vcc »v »x o t—
CL ft ft ^ * ti. X CNJU. ft QC ft »||wJt-^. —iO; •^-f\J—o * *i ft —
z Z ^x-<ao ZS. O a. na- ii^x^^a.^^,^^ *- h-
a * a * —r-^i^x —< ft o. ft — qllui m- »^c-~ •*-«— ••— » ft »_ * «—
»*
-• IT » »< || |f\*- -J-^»sO w-N_i^t^ LL'IP 3<c-i h- -~or
2. ft I- ft —"rO-H ii — ^x * |- * (\jx II X^J_x
-mx>rrr-.xf^X ft C ft r-<
<x a: r\J— ii — -)Lur\jQt ^ ^>r x _^_lt_ »^ . »^ »^h _, f^rn
c: ft c ft w-)-jw^ »-c 4< c « -o-^»- ->c^—< 1ow^o->d«» ft a. ft *~
z a ipk ->-zi^z -hair- llJ_awh.M^hwh ^^
ft ft w<IlP<<>-— ft (- * LU<0 •UJ
_«2'LU< *LU<TLU< ft X ft ~<
_j oo Q5-(%jK-^h-o_i z t-s: c't-oro.i-?xKrKr a ox
-J ft — » «3oc _j_j2T<i-i « — ft —liI^M xil'- cc-^—a—xx ft < ft <xa
< X lucoujluoJ-K. a. cto>ouja: Q a^a_ ^ aCa:C:; ^ mcO ft h- ft QCLLOQQOQCO ft Q. ft ^ LL 3t u_ 3 LL ^ LL 3 LL ft O ft Ct LL
f^lftft ft ft vO ftft
fNJ "> * cm ^- in r>-











































OCD"-"-" II O 2C
.-I — II Z7~ —• t-O



































r* -o vo «-
<~
r. »_*c uj uj
u. I |r,.
C UJUJf-i:"













I l I rvK
id id tut- h-
< ,mm • .
2T • • •
a; <\jvC
rv
UJf- sC^T "•- >
2?<T nr-»jju uj
c; i i i c*<\i
UJUJUJlTiOC
a oof- • •
U. • • • 3E.






\- ; -. GO • •




























































» « 002 LU—

























* LL <<5.K II
H- cc LU
* OO Ot— »2-K-
* 2 a: »Clu
< o. *oo »2:
* cc kx>x~
















































•"-• ooil(_> I 2(-CM —i
O0LUH- OOCtCt
D^-U ••—CO.COax t-(JUOLU< + ~.











































Ct ^ >— Lu








> 5 Ct LL
Ct CC — LL.C
LL' t- >
> L_ «ICt
—i 2 C _JLU




























• h- -J »2 LU
OfZCCUJ <TKCt2
LULULL"erct t-ZLULU
>TZ — < ZU. t-LJ
<•——'? LU2 LU<





CtOLL _j "Z lu lu ct c< a. a. _JC
CtC LU «Q Ct ttCXt/',<2X •COZLU •LUCt>}'Q< LUi— »-LU
DOt-C UJ30^KCZZUJ CZ-J
Ct «/~ Z LU 2 - C C LL <1 U. <I <LL LUO
LL LU*-X<O05" X jt c X-OIL2-
U-2K2ct _j \-Z^ZZ _(•-•-
LUC LUCt — LUU. _J<LL<J<^-t<LUCtOQtCt
O aiuxZOOCJ 22"LU— LU<
zoooz-iuj 2 ccr^z >—CKaa
<jxzlu2 ccofOiczr^aJ'orv
-fc_«(J> || LUC'»-t— LL X<LUX<LUZ
I/IO II X LUZ Q. Ct_J O.ZC II"—
—«*!— <I Cl LU OOZX »sj
Cct_i 2 ooii o luOCujii x
















— K- CC5" * * •
1 IX — C mm.C • if) 2 a. £ • ^ . cc
or K c on — IT
C co2 Q. •—
-«- »C **
LULU i-z • — . »— »
+ 35" k •—c 2 • • * r o < o-
«"-
—ILL' <X C^Qf — or a, <~*-*e* II
<o o <c LU # a —io. xac< X a a_j S-l_ \- *2i •
5"
_J LU _l 22 \- « Kco<r CO
•— Cd > «?-. *vJf^ • c <LLl • • JJUV LL'CO — 3 2
_j * act — CC
<I 2— LU (- Cl'i- a 2Qc, CCvO
5" «C o <r^- 22<T • * fVl »LC ro
2 LU QC —— 2. C »Q »^».w •
-J •a z u. ca 1-1-2
-•a? * -~^IS- CO •
<I>— LU«— LL't- •^^fsj C_i< C C X LU«hZk C to
_J_J •> xc * ooo h- II
2* LULL'
—
»- a • • D3? ip <r^<r <r v
LU3TO 1 <h- LL wOcc C LU * w_j • - <
2"LU LU _J2 2 _J_JUJ c-CI- _jr;— 5:
•—w>-ct O LU— *—
*
<r<»- l-< # <IcOC • Cc
a <r_ic or2 C h- OO t- CO
_J >lulti Ch-
LU.J_J wLuooa. !D i-«x -icOD * l-CC—
CL Q.<J o < o ZZOCC -JO »U5 •co
xoOl- — oct Xt- a —— :z <Il—l_J # — — cc»
LU—
2
LU < cc Qivi LL« c — a ••"VC LUCO ?ccn 3 co oo U-O C< Cl ••
u_ xlu C5CI- co LL.LU22 >- CT Ol— <DCLU
—
o
cc=>— >>-«- a. >lu * — C* • >t
_jacc U.ZID co f^ ^4 Catcc <-»«—••— • • Q
auiuK 3UJ LU LTOCOCO LUC * qCp-«c -II •lu-.Q _ Olu X CC 00 XLU_J a.ccLr> • »- 2
C£t-X_J zctuu LULU22 »-X_J * »-c~ _J LUT QTLUQ. nox<r
-J— ??*-*-> H-— OJ <—<LU
3<i ii 3; CX— LU _Jh-• •— »—« CO CO LU 3 # — 21- 2Q a2Cl*0< CO ha <akh OCO a Lu 0^«i<l N^ W »X LL UUDrOD LUCcCO * o -a. Q. • X
II Q. U-CUJK CCatt XLUK tr—
2
LU* * <
*J £ <_> IV1 ahaacu 3X2 * «-"«.^inj — •- T n2 <J >K-£X C-•cccc 3— Oo COCX Cc "^v
t— l_ •— LCvX^IDoOOOa ct C * CtCT—
—
'v- D. K ^H —XZ »LL COcO—— f— LULUOl < «^ C '' > v.K c o
OUJLU >-h- XX<ffii * »a lp ir> —
•
h- f\J *





—OLULU Z-3H-CT * --.oa »vi —ioo LU c LU
a LUt— LU 1- 1 otccocnz cr .?NX Xw> O—c »
.X —i <^t~ LULu*v O k l/'NUi-L >r lu« » •Lnrvi P-
co LL J_ Ql/) <.— LCLUf— 1— rvjLULULL ~ Lv5- ^_i •• • < • •- f\J
LU C LUZ _?wCDJ^xj>u * LO— <1<I _Jt— » • C ."_> O LT
Z5 U-X C?l— _J_JCcQ.Q-0< : ~"- » ^ ijji—i a—ir> s<3ir
_J LULL<1U- i• Jt<<5. 512.>_IX *• 2v XI— — UJtNJ ->SH
< XO_JKX>0>>CC<ULU_ c a L>T <—
K
(\ir-— <C<t
> — | LU <I 3. 00 II II OO II ll OX X —— ir.Ln— < DO Vk%^ 1- 1 M --*
K-t— QLL.5: 5" II
-J_J 11 II t—< II — c02 <»•*• XCC Ii II Lf>t— _J cc< •
cc c* ii xcl:d DD2;Qr<lL'<iy * 2— 5-h- « 2 1-2 —><ILU wam
LU ii o— i— t— Q_jooijOfvj(Nja: —J— <l LU<TrNj<I JJN jutJ.-jcjyoa. ii uj-
I H- 11 Of <ujuDDaua:7 * 2JOa«' ii X— ii < a -Dt-> II







# •» * CL -M
c: — •-' u
Z K —' cr
— a cc k lu
» 3 UJ« «~ c «
C rvjrvj "V 2
* _j H—cr»— — *
_j —cc— »- <
c •v—*u.r\iQ. s: • »
U. — * "^l_ LULL,
# t-Ocv— I Of cr *
lu clk * —'- O
* I U * I — »-LL •»
»- I -HOC 5 — ZLU
f\i »- n a:r\j# _££ *
# T —xc— f\ <
# * c_ ——O—^ * 3- oo *
a a * X* * i Z<
cc * ll — :>r\j#X —• <vi *
LU ^rfOO»v—w Qf LU
> — * <X l*^H— » ^ OOS *
O *- d T -* - * < — <
< — * o <v^ + cl — — oo »
# _j Z" — <r o^ * X
• < » kj —. — i or oroo #
oc > caOK- f\J LU—
<\j »- * c ^aa<— —i i- #
—> -» v 2 c<vr. "^ c_r
-v — — # < CU—h m ha
• K — K- —»- — —< oo<t
\i\ a — * z + xo.o— a: *
_i (j _ _ _, OvJUk-C I —
c
— * or «s I" i or u. z —
rsj — i • a x xoiri-^<i or < oo
# z <\J h- * z -O.D- II— -v LU *
* 3 CC * r^i X<io0— X — < lot —
— < a — z * • z>— -}# — — * kc * —
Z U LU — 3 h- oO— *— 3 I CC O —3 * > — n * < *-*3:.-i_ox ot(\j luz « _j
<n>t o »-« — cc (nji-»i oorvj ^-h qcnj 3
o m a < c* — * z s: 3" — < ^ lu oo —
"V cc ac+ Q. — ^ II f\J— <NJ Iff. (fOC Il/l LU x —
• i-i lu • i— cr * ••—•«-» 3 ec—i 3— ar —
x
•—i ro >0D — QC oO fvj oD— «——» i/i <—i *»* O oo—
— <r org ^ < # lu ssaooi <^> I * » ^
<\i <<-i — — K —-ooO'-ioi* ll O a_*
+ • * *v — i_ * < Z~>* <a— +ao * » xa.
nC • • w • 3 3T#K-C— fViiNJ <\i — LUX
• — CO0O >— C» «• _J #—>—»—— ^CJCD^^ « im -LU
^-*^"v—< or < — C\ "*v —-^C^'v — -* f—
*—h-— • Q. • * :> <i^— i—i I •—iLLf^r^ * <S rv -**
l— a.t— r^ | t-U.: Lu v-K II J I | rr, at— f\ja^Z
-LiLya — ^:
-k- a.—<o.i r\JX -m- *j inj r^, »i io
^CJ I O +• »Z. - • Z — I U— (MOJ II ll — ••— * Uu; X—
-*w<# or^ c- x o i-r no-rj: -a- •— ui^o * i>— — <-n
»-»x^rrac «f\j<ao too* —z (y<NJ»— ZMt)— lu—'^ —x « a. »>*z+4>
•ii-dsncchu • «..oo •— « h-O o—'tooi# x^—i * -J— Q. JX>faoj:i
— Q.l/1— <I>v>v)«-—• Mll-^— QC— 00———~>*^<CC <OOXC-^LUIIX— Z5 — LU
\IJI- II II • • • —— II _J M 000 * * >LULU »OOf- XLL0O0OOOZ3O ll ll <ctrr>rrif\i ii ———< aoo h- I— ct>-—ii_; il K I uu.7
ii <r<Luct: l m n ———> # lu < * c n n n n <nji^ n n n n —
zoc— -jLun iictM — _j— i- ooor oi iNaj^ZJii^aztri-3Da'O^HQ:o^ix<u>- •»• —a z * iix—oo:dx xcjio^z
<i/iq.>- 0<-<-Hao ii a>au. ix nj olu<o^>—iooo-glu— ooo-iljOK H- O<I<I0DULL— H-l—<— * I— LU — * X— OOOOLUh- QK 00OLUU
rr




— * x *
— * *-
,- — * < *
_ — a
z — * z" *
<r — <- w #
X _-(_(„
z <-<*<*
*-» a: z « z
i/) O rvj kj
OC O — * *
< 2 CO U.
i»J CC # o #
— «J •
— —• 4- * *
^ H » IX
I CL — * - *
»- * h oca
— ^ I » CO. »
»-i o — * «- o
< U. r- ^< vO
3 « < # X * •-*
Z (\1 OC <— (M
Kl — » Z * X v •>
«- 1/1 * NJ >—'< C
oo a — * vx vC —
— cc — — oc oo < ^ _
^H < •— 2 O CD » XLU # <NJ H
I
-* w _. o ~ < i/) - IM "V _J O » — •"-» «* * LULU » C •-'
_ ~ 3 # mi- | "^ ix ^- w
;? — oo a •—!- — * *-i- « —• *-
« —
•
UJ X r ' QC •- —. (M o <~
<3 I CC Uj +ct- *-• # l/ILL » —c co a^-*
X •— C - XO< I LUO — CT- —i Z I
i£<\j «~ # OZttN «-i * Z * — —ilTi (NJITN fsoi—
rs^r- 2 "~. — i>0fv,2:—t «— —lu — c\jir\ »r- «-—
*.*-< •— • • XO + rvjCM r- * 3 X # »- •"-* *_/•-< oo—
>
— < -» <M z>*-~# •• < at*- <CfM P-tM COCf
i. i—irg X— ip< "v t/ii—!•—•— f\j cc # luh- <xir> » i-i » •-•<cl
id—.r- z—• f\i— — ld —<—•-«^ ~z v- ?h(v rvjc r-
oo^r^-i ^i C5-~ a.-« i •a^-'Co rsi— * Lun « rvjfMcr »cr n ^
O"— • —•— « Of f^' f\*X I XX*h-k-».~-^^ CLL) I »—i ri^-i »— HO
a- <^w i/~ — <i~ »-uj^. _)_)ct<<a'- i/i I * > * —-c (\. crtv* o-^ •—
.5^1^ i*— •— »i/) c_ — — i/) i/) a. x a. •—• co*— ir< r-tac • »-( * xi-~(/j
r-jzi—• <o: «-'U* <£^~- LHJUZ<2iN ^-^ •«• I i I ho «^C —• <U(-w
ii rvj— it cl jzao. •• * it 0*0 fvi— ii •— — uj -.fMc^H^— cr i ox vo
— s —4- <-ij^ai •—nil cc—•— <x •«• r-Q * ^.-~^ + c^2.rH cr <x i lu
i-4 || rs! ~5 LL ! >UOLULL.' II 5 Z? UJ <NJ •-•—>— II »vl 4- ^ Ql UJ CC h-Z«N HO^ II —• II 3 <f ZJ
«^ a^ -54- Z3 Hiui-KZii.'io3 w*-,^, ac^^r-2? * Cuj * <o— ll rM<—— tv —-x II ZZ30+ — Z HCCOO r-CZ II —• SC t_) iC ^ + Z CL I a">-"-< Whz H-X-' "-<
«kjx-5 3H-— acL n n on ii •— aoti-Nx ctrr-— * t— * -zir. i za- i ooot-xzr-
<a<n Nj^'^z-J?Q.'Ma.5:t-5.oo<i^<iiNjh' oo MMt-.ohw«'-'i-x<«oz
XO-'ll OUjZ II LU—IZ5X 3 ZJZZJOLJctrO— OUJii * >->Q * wwwi-« LL^OO <.QC0C>—(3
ZXltT UCC'OK^UjDojWC^ZZZXu.xuQL, XZ U. U. U- i^C-" U. •—UX 2 a. <S) o,
f>j<i_i-7 <I OZQUQKOI-QOQNNN<«^< O # r-< i—^.«k-.o '-* O fvlh- •-•
r-* ao cr r (M * « .-^oiTi oom o C-
I«- r\j,~ir-«r\j r-4 •—• »-t ^l/MT\>OP~r~CO CT
^_( f- CM —< f\) * > ^H^^»-< r-«i—ti-H i-^ r-l
^^ f\j r\jr\i(\j (\jrsif\j rg (\j
85
* * * * * «
* * * * 4
# * # * * *
* I- # ## CO***
< • 2
« a. * * # n co—~ * *
a lt ^vj-a:*j* « *••< u.za <f -b
< < LU I- rr •>-
» * -•
_J — <I *^x #
ia u o Z<y >fr ii lp
UJ « # * • > 2Z .-.— » ft
k- II u »f^ » »x
* <* « » * .-I x — r* # »
_J U i iiir _i^-^#3* * * a <- • ft ftO I » »x vli-
* _J ft * # <^ IT — LP —*v<— *S ft ft
^ * • ^-i—i rp »cxcx*o# * IT t. -» 2NQ.a ft *
• —
• KZ Xl-TO * * * <C LU <•— ^U < » *Z •——• • Qf<T M<-~X —
* <f * * OCLU H 2J «i — „o ft * (M
Q. •• r»j^ »<f ~- » ~«
* < * » » h II Z »inJ - »t-X * # —
I— » 3 —I >-.V<I<\! LU
< * » * <Q < •—O wLOQC^ * ft _J
C LU O <— » rv,—iq. h-
ft * * JI Zx x »5:»sj * # >-
-J 0>* I *-r<-i cjS"<x >-#<# — — * » > •• r- <~4 <ikj -a. * s # —
i
I- — 4- cm olp j- »C — 2" < »•
* Z * ^ Z 2T * ••LP. Z(J —o—< * <X ft- —





— 1 1 I- 2" <JLU —t
->x XlfX » ex «~
ft CX ft- H >~^—i <T * <T * O LU •-•rP «Vi *CXX * Q. ft LU
lu -j •'n qc a * ii - w exj" r _J
ft- CX *
-»C » ~Z. *• O ft Z || ex- Of\J<«-1 ft- LL ft h-
— x »t-H— inj o jT<— a>t <•-•• O •—
rn>- * LU * —LU-5 V QC » ZLO<I'-< - »-»X » H-
I- (\HJ -50D~> — Q. H- 1 JK • •• -~CX ,-, K- Z •->
_J »X Z » ~5«^w f\J * Q.vt r^—— •— isj»^<i # O * •
lu r '*! n- «»sis. 5. u. o • x«—"—'tx —•CiS.a: •—• -~
a »-z: » i^iwx— ^- # u * «-iri Lruj~a otoi— z * »— * o
+ ro » i/) x »o.>3" ivj o • v. »i—if—— ivi«i<rivi at •—
•
m — ^-x # o ocx^r x # ^ <..» vnai-oiai * o # —
r\i
_, xh- <r <^-<<i»q. c O^.Q.NtaroLOZ^n— a. lu
- | < <I * LU * wLU«-IVJ 2. # «— * »UJ LO<l— • »<3 »f«^ »-~ * * _J
r«i m. sot 3t *r>- »-x>r< »— <#-. •.>< cc «•>><• or o >—
im ~ u.^: ^. # oi •'j-u.^. •« oc * * ii ^ti — Lf>f-i>-trn«-ir<"i • ^ ^ n •—
» — t-rs< z ZXZ.i- II O a. ,-0. ^^-ilu*'^->— r-ta. •— t-
(\ a I •» * u # — p— <i—• * ex * —ex lu— «- »sr—« •— •"-• » i— * «——
r\j a. —> •— lo »ir,«- n — *h » qq »^, iu>r- lu - — <r
— K- "—5. » t- * ^ro^a.f\jc\j # k # PvJX MX^X^fiXfiX^t » C # p~<
^ ii —a ex r\j.— <\jcX2 5:lu O »->3" cc r-n-i »-^ »-^-^ » _j mm
^i
— ^_o « c » — *c *^xj * a * >ow |_ ^^w vo^->c«^>r » o. •« »*-
Q-
—i—>CCZ CX LOf-LOZvCH-Z *~l— CUAw^y —I——'!—-> LT\t-
| —•— I Q. » * ~-<I~ ^<I— ((.*_» LU< (_) »LU<^LU<UJ< * X * —
<
« +.^.^,»__j on os:o_j<ncx*- z »— 3. ohj~k5(-?x a. 05
wi-icx II 1 * *- * <ICX<l-J Q-Z -»•-<# *-CX X—•-"CX >v ,-,CX«(X^ « < * <1CX
a. n Q.zu-< x luc_jj<05-0 cx a.c ^aiaosxoaC"' a ujC
-•-'h-Z'—o * i- * au.aoc<u •«• ex * Jtu. 3u. xll^ll # e; » cxlu
^-TvJ —I ~^
cgm losO ^j, vJ-lo r-













































•• a.K UJ Uj
<I Q O
at o az * o <t
»>vj » h-
» X UJ UJ
*" > (T
Of o •- CT
Z— I-
l/r~ (j; a*
<- U_U ' LU ir —Z •" lo-^ r> (J r-
—'_J h- »-• m » cr <_• r-
» UJ X vL ; •> »-» '->r- 3" 1—» •«
J* «, ZZtn • <\J • —• • • •• r-i
< » i-OIPi r-> * i. —1 cc a *t> •
aCiTi«—
'
t—HvH fr <r • II •s\ II « ii ^ irvO—
<
rxoi- + sc ^h-Z—KC5 Zl-Z
• C; az<c — cr ii _ioiU_j ii se—iarujt-iO'
1 0^ *— auirzxz-OD^O- 333h-Q-Z
-J » Q 002.0: ii — p-ICO|— wco—1»— cok-w
<>_CjZ >ocu- LL w-UJUJU- U-'w UJUJUJQ-H-U-O OLD oTOu.y — •—
•


















• n m >r
I— — O • IPCCZ C •—t B^-tt—<—
^
•—
-j >-»o i ii uj_im
* i +n o~o* |Nuoac^j'ffia-'DOUL + r\jr\ic
II Z 2" -52 D II 3* »Xr f>0i-.«|_

































* r u *
I r








» r r~ UJ «
I I
* U-.LU —• «
I if •




* roc luui *
U. I ICC,
* o ll uj -* r. *





* r r LLLU *
uj | I oca
* r Luujr~<7> *
« a rv >y (\j c »
«o • •
• -* —I
* —I fO *
>fr>C>OCC
* C C I-LULU *
I I I fvjr j
* uju_Lur^r>- *
c r .mrc\ , .
» Z • • •
r»*> i-i a <\i>c
» f\l *
«\J Lf\ LU h-«C>C-_.<
*-• —
' • 2 OOf luuj
— — U | | | CJ(N
>— — LULULULClCO
— «- (X OC> • •
— z ~ « a ov.^ho »
<\J < LL • • • 2T
«» < w «- >3-roa? n #
fv — — 1/1 Q. ^ f-ifV r"»
— -»> > a: 3 « U cm d& *
~r\j -5^ <x— < uj J- r\i*c«or"-o« '
H- U> «~Cl L.W I - * 1_ v . .juj • V
• UKXU — «2w -~ >s I I I S1MI
• x r" 2_*uj:*:u,lj < ^— 2-* * <• lululup-ctc: *




— "" 3 T • •
I a. •> —• r\jr\j3-* , z*: —~- — —««- -»• < ',om j<jj *
O. M f\J -4— || 4- — II
-JK- «-CJ II < u_ -j II < o ••• ;.
~m — iti.-i lo—1-53 l^ -?— n i— •—«— 3*»»m # vC>nri 3 *
-j I i-»— I • — Dw i-fr-z' zx/i on ^< H ^ uj cc vo
oo + <\J fNJr\joi- ,,-L/wc ii _ia: C32 occ— •— no ac « _i ^ o »
• 3'X'M'-"-'
•
— ii r*— ii »on-»Z5D aCUJ ^<i f-o.rM—3 a. »-i >o «~' •
r\| 11 It «-'»' II LL 3 T«— -IWhC 23H w l|«^3- •— k-C # 3 ^: C. UJ II •«
II OfV— U_f\J II CZ30Z) II O-tUUJZ Z>— II ULL OLUC~LL.if < I I C "l
UL3T»-'I— •-••-•U.OWQW LLC h- CXQCUJ OTQ -JO i-" "5O »—O <1 Qt. UJ # (^ UJ UJ M *
to r ii
—> r* cm m o -5 O * O • ^00 *
it —t LT\ u> r— QO <—
1
.. »j-






















































a w Q-t- JC •
a i LoLL j
* LU <<2L t- II
1— a lu
* CO
# r. (X. *OLU




































LUX O »x •—




































































































































LULL <i i—Z! "-"XXLUoOh- LU_J
QfCJLL _J Z LULUQtO<Q.Q-
QtC LL »o or QCQXlO
s:3 »OOZlu »ujac:vto<r uj>-i
oo»-o lioowKozzoj a
a oozlu5"I-CClu<xll < <ll
LL LU»-3<IO0 3:Z) JC c. >-i-clu
u_5:<xar _j i-Zhzz _i
LLlCLUaT»-«LUU l<LL<<^<LUC«.LJ
o aaixzoooJ sistluh-.
ZOOUZ<ILU S" QffOZ ^-CO»-
<r^zujsooaoiozr^aya




x luz cl cy_i azo.
< a. lu cazx
ST 00 || Q LLUOUJ II




















































































































Qlu I OOZOLUO ~ZZDOK ———CX —'LU hl/)(/l
LL UCO





































— >- or. —o
































































—"—->>-0> LULUO . K fsj^j Q.
H-X X < | OCT X<QLLULU OOLU
o.<<yotr\j 3" *-lllu_jolu oO—i'
•
O Z#LLZ3H- >OGL«Cr
i oqn#oz lu<z i i zcr
I— OJLU'VH- QCJ<IH-1N<
-»>-*-INj«-(XLULU3 Qt2iO< a.
«»JDXt-IUj>h LLLULULU OOLUOU.X I— Q. Q. Q. Or" CO0<"-'0«/>-> o<*/i
LULL<Qt •QtXXXOX>_l_J < 3< <2
XC_il-xOCC<I</>3OLua.LUX>-0 II X3
«- i lu <oooo ii # z ii cxooaocx. ii o.xKHOujX II II II H-Z II < II «I3 II 3< »- —3 II IQ. XOf <TjtLULU< II <<Q || «. II X
II 0»-^-^-_J*Ji«vlQ£ II _I«J—KJOX -* H*- <
»- ii or <ooo.oooQtQ-Luxoc -4-j«—x
Q-ZQ. >OOXot>>-0-XCD<H-Ot LLUJ»^









—© »mo ^i-OO— «— U*i —
-




Qt<NJ*— _J"V-J • •







XX—0»L0<« II II II







«- <lOC *C * LLI 5"tNI




* 3 — X <
r — o. 2
* _J »~ — ac »
—
-J Uu O C
fvi — * O -J— Z C *
# w u. O— »- UJS"
* <* Vi- t- Offsj *
a x a. u*- h- etc
a 5" * i —^ lu r>o »
uj < — h- »-o —i o<
> — o • *• eta u— *C •- -t T 0<x c Ciu
<s ~ + v. » a «/>— 2 s: #
» -J — ar vz <r on«
• <r —> r- * u. f-ii-. <ri- >
oc — > • <\j -"i/" .- x
<N — K «tf <T * 2 »* II > *
•—I
- "^ •«vLn •—«•«• isi td<l
>v a — h *-* * < r»— a 2_j *
— ir #— a -« » 2 cr— <r one *
<\l r-i •>— IT. • is. lf\0 to
•h cm a' — —• ro * ^-ict C Ooo *
* — i a m vt * o n*< 2 ctuj
— 2 »- # —I • # 2 —i— •— t_>2 #O 2 3 Ct * • rO <r •(- |- _
21 < ex. -~ 2— r\j— rn ^ * mac K onx *2 < O uj *- 3^ —~— ~ l- vo lu ^-oi
uj o * > - lli^ *> I I # < ~<on on xlu
•• >v >* a — -co -~ <r—— — a. — <r»-
o • mct< cc —<—* •—<«-!_ •— -k2 H — > lu *
» _l COqc* Q- -m< — CC<-» — fsj M— CC ZO
x- w ,-»lu • I— (Jcouj o + ceuj uj * vn < «.
< ro>oo *~ ct<\i_j i— «-_j _i oo — * o i—
X C CCOfVJ ^ < »0 1-rvJ—O O * LU 2* LU U_'— #
a *v r\j<^ — — sC> <t**->i-> i- i— k «
h- --<
— • ••Jt'v — w^o— g:*—ccuo * < * — < *
- o O ^ -C • • »- • ^—'#-~<#U* O —w _j .one •
h- rsj «»-' —coco >-« c. >——— isj»-<«a 4- >r # _j <»— zsoujona *
_i •• 2 1- ^"v^ ct -H-no-wir, 4- ir> < -^^ o H 2 lu
lu •„' ui ©;-— • Q. •o~-*-'OTr>jcr cc -if > cf«v _i«-h>—ll.qc *O— "> OS •—^ I I- LUCtUJ^U.cn2—"— •-• LL —
K
<02I^-QC
•u cm r—wua «-» 2<_i<*«^<irt _rf> * t— a oaa Z3 #
< • » (\j*c^ i o+ • i—o »-ua^i- 1— a—-cc ^ exu <lu o
••-"'C
- o cr .*-<!* cc oot • >* <-<a:«a rM«— <m » o»» o— w> \- «o »
oc^r- "vor Ln* 0.0:2 •f\j »or — u o—'ece? •cy • •-•2 «.o^ —2ujs:o
— LUtNJ -»vvr_,< CJ ^) iCO^-t v^OO i— II —• | O0 || OQ.n0 * i— c —— —Oct >
<\lf*--» <<vt— 00~^V.--i |l II ||».—< • II — l| I— l| CC'-' * «-• 2 LUI—OC •—*- I II hs || I— || • • • —— _Ji—i-h | ^^_— — # OoO H-— •-•LuO*-'-' *
II i| ifM— _j etec •<_) M <rorn»-< •— i——<ww n u »iwm ii i— a. on <kj <_jon
I— 2w<TUJ wQCfO II <<LU I rr\ || >^-M>liJC- <- — * LU QC a TOjI-IOOOXDO-IIUJ-ZlEwJII II r»j .-. _j ~. >-_j—•-.- isj^ ^-i—m o^ac zr 22<<UXM<a~oi->ii j_)o:u^hU'-"q:<ic-ui -Q.S.O-C a- —<&. »nj< *j<r oc*— »
<OOUJOU->-a.02<OOQ->'-<—tC II Oct LLX<tCCX<QC-'ClC XX (-ZI
CF*-i ctu_*-ono< jcoi— i— o<iccu.'-'i—-<•— oct<icc<fo<»— < * i-uj fc-rvjjr *
<\J f y^








~ — » 5 *
rr — * * K
C — — — » « *
a «- f\j —
*
a
k<i z — 2 *
cf— «- >-# — ^
ow < at- *- » <—
OOO 3 OQ. h- -
^o 2 wu < * <r *
,*. is; ^ i a or
.-i— ~ «r\j 2 # 2 *
** tr -# - » «
r^.(- —
—
cc * c «
(njq. — r-— < — •
o-o — f^t- * *- * *
lo i -• o-w — >- i x
,-«rv I «^»- — Q- * >- »
>t* •— —•« —• o aa
.-h* *- >tO l » * co. *
._. 2 —"i/> •— • I—
cHm- •- •* -~ <v * +«~ O
>^_ < m— K 4- —
<
vO
,i- x ^— < — x -*
,^_ 2 »rv a: ^ <i»- <\i
«^»- ^ —•* 2 * * 5"v: * •
II £X *• — * ^ w —<i .~
*»0 t/n u —
-
w a:— « xx » >c —
m-«/i cd —• *— v- <vj ^ <i .—
i
_
~* <i •—w cc O* * xlu * oj —i
Z—— <— -»^ — < o——
>
»«/>• l
M4_~4 ^ t-~ •-• — <-*>t — * LULU » O •—
<I(\J | «« <^ I *v —._ll^ <\J* XX >t <—
x*«- -~ at- <— — ^<00 #* * h-t- *• ^ »-
Z* w »* 2Q_ — — —>^ *~ <NJ C < —
no—2 I ^O H- -* *:t-ro<j -~o i/>il * ~n cc a—'
mm *" — < I ii^couj ^O ujC -~CT •—• 2 I
-~w<^ ~ — orro •— — -"f\i_j -^ - 2 -fc —^Hir (njlo inj^-
r^^—x-^ 2 (.'— 2^ — a ic •o——— — lu «~r\jir ••rs- w«*
•— 2<c -, •*• ^^ - ^-x.o>-x:—ix. * 5 5: * h- ••-' c.-^ i/>>-«
i— —. X *sj —«fM Qt OQC-~ %^"—<— » LU>- Ctlf^ » ** • «-<<Q.
.CL — »-• 2 »Q- —'—' 2 <rv)^:— ^-tctO t- 2—<C MO + K
uj ^-.<j i»o— lux — <v» ^'— —'O v^t-* o luq -a- >vj(\jcr -zr m 2
2'— «~ » «-»i-i r 2< *— - — <—• t—o—v <.—i—. cuj I »^h ., .-i >— no
O t#2u */"» I ••*—•<•-• u". | ct<c\jwcr:^->rvj -* > «• — <. <nj crfNj o-» —
• — 1-,-4 x— ^. «~—a^ cc<—o» oz# cC2 ^:< —»x • i-i » xi oo
r
-^^.<jvo <i— --wi:t\j-t<«i/)zaxH i < ^ c_ _i i ~-* rs imc?«-< <u»—
|| M
_X— " *-* II ——.— I^J—. II •- II 3<TLUf-«C>- •— LU •—OsJIT—<o— <T I OX XLJ
-vmzj — •* w'-n— QL-*--»a:-~M'^ii<»< * i—Q # —H+az-< cr <x i iu
— LU^^sl^sl 1Q.LU«"UJ-C II ^ ^ a^— II — I ~* II LU aC ^-2^ ^0<Ni II -^ II T. <X 3
~-_ilu ii ct «-^»-3»-<_jujqc a: ii x. i- ^ ^—^ n 11 —x a clu jj <o— ii fM<-i— c\j -^x n 2
20-J3TO +-'' Z-UJ<aO^«' + - *S£*->-»*2 OX qc-"-* oO—12 t- 5" — *-
->0'six -3S:»-'-'t->-o*"^x Q:>-^~*'—v^^r«— # h- * 2to i 20— 1 0001- arzt-
<o>e£'«* ~'SJ—ii—<o>2oc:< ii njjm-h^^-k 00 nj^moi—w«kx<«cz
x —ou* HULuza-o^u- ljlu<C2*-—— »-*2 * '—o # »-wh u-woo <aoi'—
O
ZU.-XU. "XJOOZLLwi^xu.^oO>ax<uD^D lz u.a.u.wa«-u.*-OZZQ.wu
» « ooin COT o C









-OO f\i 00 <n<\j(\j rvjrorg r\j r\j
92
* * * *
* * * *
* « * *
« * » »
* * # *

































* * -» OX <or X ~* -
cc
•
» # « » cr
x





* * stir » X •t-i
a — • ocor
LU







* * «• <C LU <




X OuX «o X
— i—
*
* < * * * H- II Z
* 3t















< * «•- •» « * > •!*- Q- rg<iM Ou *-
t- — •4- rvj LJLC •" X ^LU c — X — —
1





LL Z * «— Zo • » QC •-< —X wC
* X * »(M f-» X * * i-"C —
•
<-*~X fV,LO H-X
1—1 •—1— ii i— X <LU^l )_ X«-"X IT, X - <s0
* QC * IIC. -j < * < * (_) ..LU — vt »M * CLX *— »
K LU ~5 • — «— -) QC cc •• II * »-4 •xox Xr> -JX
—I a * "^rj ->-5 » z * c * Z II o xhU(^ <lt-< LL-4-
LL' —
.
X +Z-> «— «— ~- NJ o ^< -~QC rr,w< i—i » » QHO mt- * LU * — ai ocac -5 •»v #• or * • zm< f-l«V • • — X »
f\JO -5 00 rvifvj -5 — Q. t-X^ • » ^— a: -»— — <
•X * z Jr -?— DC «* C\J * * CLsf O*- — «—irvj ^<T >—^
ro< I—
1
^^ UU in; 2 LL. U »X^»-1 CCLU~C Xct -'—
— •X » * NC <<I X—
»
<-• * o * •LfMriLU'—' ajau l-Z <LU
rr, t—
i
r^ I/} X • 1 1 CLst NJ O »v. » b—
i
*— o»sJ< <t"<«J >-o
(Nl 1 — 5" # L2 * UO — -» X z X * z -* O^ II CC'~I>-OX ocx -JX
» >—
i
XK <r <t-h -)-: < • a cr o-^ - C7>tCL)ir'~zo-->LL'U->
f-> — << LU » — LU — ^» —'KJ X * —
i
• IXI^<.*-Z -T< •"— isj ...-o -
rv _ XOf or r~ X tvi •x^-<i h~ < • •—t • xm fxoc »xoo »x
•> a. Q.2: k -ft PI » NX <a.z. k ex. K •- n - qc •—••—• r— •—el • >—'fl •—* —
f\, Q_ 1— ^- z 2xmuu Z.ZL * n a IX HQ.~ || r-(X «-> t—< CC —' r-1 ac •—• •—
<
(X! — 1 — * <_> if ~r-zu<. — <Xf-i •« Q. a- — U. LL.I——
i
-^ » >o ** ^t-^-^ .#—*.^ *
— — 1-4 ir -
-*S II LO^ H —
•
<r^ «• vP »—>—»nJ- jLULOc.^LU^O r
L^ ii —X * 1- »-<ro^-» ii —
*
•-•X t\ir\i ir 1— # tNJX II XCsl-~X »rr>i-twi<j-fii
**»




a —~.HwC X Q * vT)-:D »0 «-o {» o # vO«-K >o.— ^<vC^'J-vO—'nT*0~-
i Mmi-ocz CL ir>- — \-z\rzo*-z — KQ-lTv—LUK-Qi— !-•-wh->—~\-
^-i iMw 1 a. * * »'<ir<<'— - -t<~ * H- * LU<0 • LU_J<ZLL.'< ••LU<J ••LU<
ta* + •-•1-i-_j C/) OrfMKKI-DjNQtl- r" l-X 'di-oj:nkj-'»<l-XXt—
5










LL II Q-ZLi_< X LUOCLULUOLU<CLXO QC QCCOLUQCUOirvQCO"-QlC«-QlC
—
«
«-^^-2T'-'0 * - * au.oocua!:uo<u a ILL jC U. 3TLL :xu- ^LL
•—lf\J •—I »-* «—( •—
»
# * •tt <o
PCi ir\ iT\ sO vj" f\J -4" tn
f\J * « irvj r—
t
r\J




* « r uj #
i
* * tt 111 IT «
<o •
» « # f- ^ #
» * # in #
* # ^ #
«-~ r o lu
i l r
« * f * LULL ^ *
«. lp •
# C « '. O M «
• • •
* fM * CTh- «
CO
# » I #
LU r >C nC^
* » C^C «" LULL «
• u-i u :
* # IT » UJLU—IC
# in » ,^^co^ *
L- —I • •
I * >*>t #
LU nOLP
# # l- * rc *
« ft LP * " < LL U_ *
-> ll I I orcr
* # <\j lu # r lu a -) <r #
.-i
_i r- . 'LP • •
* * <~ L- * CTrvjvj-fVJO *
LU — W~ • •
* * -j l- * st >r^- *
i- «- »<*~<
«• * m • ft —. m «
2T — LU » OOOU'LU
«J •• (£> III r\jc
» QC — < .. * LULULLf^f-
O —• -i r« u> rrro . »O » ^ » , * vC^-rsj—IC; *
Cfc «» O ^- 2 • • •
•n- a » lu » ;_, # Drrira- *
IL - » lp * r\, «-O •— *- «> Lur^vOsOoo
* * I— <
—
* Z'OOf-LULU
2 »- QC _ U| I ION
» C? * • 2 ^ _* * LULULULPOO »
•—
— *o 2 «— at oof*- • •*H-»C"
- <i * OOOOHO fl-
at .-« -- <Tw LL • • • XO — at
— i„ a * >rmoo o
a. lu a. 2. m 5- * —,(NJ •"'
* * _j t- a— < lu * o pj co *
13 H- » rj
^_
LU(Xl«OvC .•<" '_•
* ^ « •— Z
^S, JL >^ * LJ V •.^•_,UJLU • *•
< 2— 2-* I 1 1 ccrvj 11*>-•«• *-——
_! lu __. ^_ < LULL LLP- LP C2 *
* c
.
* ^^^° -a ii< ll -9 ii< * <oo«vooar *
* o. « .~ocvr>-« -y, lo 2< 112 * „ ^£ 9 *
* < * <OtJ. C 2>-IIOLL OLUOwLL2 * *° ''•' UJ " *
* Oft (XLLO OLU W # COLU LU fM *
<-* 00 O »31
* * £5 ft O • —"00 *
^ m ?\i • O O













3. Chief of Naval Research 1
Office of Naval Research
Washington, D. C. 20360












7. LT Anthony B. Oates 2
Class 25
Naval Destroyer School
Newport, Rhode Island 02840








DOCUMENT CONTROL DATA -R&D
Security classi ticatton of title, body of obstruct and indexing annotation must be entered when the overall report is classified)
1 originating ACTIVITY (Corporate author)
Naval Postgraduate School
Monterey, California 93940




Propagation of a Simple Transient in an Isovelocity Layer with Pressure-Release
Boundaries
4 DESCRIPTIVE NOTES (Type of report and, inclusive dates)
Master of Science thesis, June 1968
5. Au THORISJ (First name, middle initial, last name)
Anthony Brent Oates
6 REPOR T D A TE
June 1968
7a. TOTAL NO. OF PAGES
94
7b. NO. OF REFS
17
ia. CONTRACT OR GRANT NO.
b. PROJEC T NO.
9a. ORIGINATOR'S REPORT NUMBER(S)
9b. OTHER REPORT NOISI (Any other numbers that may be assigned
this report)
10. DISTRIBUTION STATEMENT
nationals Trflrf^^^rW i with prior appr
It. SUPPLEMENTARY NOTES 12. SPONSORING MILITARY ACTIVITY
13 ABSTRACT
The propagation of a simple acoustic transient in an isovelocity water
layer was investigated for the purpose of studying the region of validity of
a suggested correlation between exact solutions in ducts and solutions for
propagation in a layer. The Laplace transform method was used to obtain
approximate solutions for the acoustic pressure, particle velocity, and particle
displacement resulting from a step- function input in velocity. The radiation
impedance characteristics of a Mylar transducer were investigated to study their
effect on the received waveforms. Computer programs were written to evaluate
and graph the resulting waveforms. The waveforms resulting from a step-function
input in velocity were observed and compared with the predicted waveforms.
With the use of a family of Mylar transducers, a somewhat doubtful correlation
was obtained in the region of validity of the theoretical solutions. Possible
causes of the disagreement between the theory and the experiment were investigated,
It was found that the theory is believed to be correct, that the experiment was
not accurate enough, and that further investigations should be conducted to study
the assumed pressure-release characteristics of 1/4 inch polyethylene.
DD FORM I47O1 NO V 65 I "T / sj















DD FORMt NO V 651473 (BACK) 98 UNCLASSIFIED









_ Drrtrmnatinn r»f a cimnlo trancio
DUDLEY KNOX LIBRARY
3 2768 00421943 6
" DUDLEY KNOX LIBRARY
